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EXECUTIVE SUMMARY

This Technical Memorandum (TM) presents the Revised Resource Conservation and Recovery
Act (RCRA) Facility Investigation/Remedial investigation (RFI/RI) Field Sampling Plan (FSP)
and Data Quality Objectives (DQOs) for Operable Unit 11 (OU 11), West Spray Field. This FSP
refines and focuses the scope of work for investigation that was presented originally in the OU
11 Phase | RFI/RI Work Plan (EG&G 1992a). This focusing of scope is appropriate based upon
a compilation and rigorous statistical review of historical data, recent screening surveys, and
current monitoring activities, most of which were not incorporated into the original OU 11
Work Plan FSP. These data indicate that substantial contamination from spray application of
solar pond water onto the West Spray Field does not exist.

OU 11 is classified per the Interagency Agreement (IAG) as a RCRA lead OU. The implications of
this designation are that the process by which this OU is investigated has been broken into two
separate phases of investigation. The initial phase investigates the nature and extent of
contamination within the “source and soils”. This has been interpreted as the surface and
shallow subsurface of the field. The next phase investigates the “nature and extent” of
contamination that may have or has the potential to migrate outside the boundaries of the OU.
These phases are defined in Attachment 2, Section 1.B.11.b of the IAG.

RCRA Subpart G Part 265.111(b) requires a closure performance standard that “controls,
minimizes, or eliminates (contamination) to the extent necessary to protect human health and
the environment”. This corresponds to equivalent guidance from the Colorado Hazardous Waste
Act (CHWA). Compliance to this requirement is demonstrated by controls that can be
established to mitigate any identified risk. The risk assessment process is divided into two
separate assessments since the data necessary to assess risk from all potential pathways (i.e.
groundwater, air, etc.) is provided by two separate field investigations. The Phase 1 risk
assessment evaluates risk from the “upward pathways” only (i.e. exposure from air transport
or direct contact). Phase |l evaluates exposure from contaminated groundwater or surface

water.
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The Revised FSP is directed towards acquiring data to determine if potential sources exist within
OU 11 that might present a risk to human health or the environment. To accomplish this goal,
activities from the Phase | investigation have been combined with standard Phase i
investigation activities. These combined activities have been streamlined and focused to provide
an investigation that will allow the early assessment of risk and will eventually provide a
complete RFI/RI Report combining both phases for public presentation several years in advance
of the original Interagency Agreement (JAG) schedule.
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1.0
INTRODUCTION

1.1 BACKGROUND

As part of the Rocky Flats Environmental Restoration program, a multiple phased Resource
Conservation and Recovery Act (RCRA) Facility investigation/Remedial Investigation (RFI/RI)
was proposed for Operable Unit 11 (OU 11), the West Spray Field (WSF). The WSF is located
on the west side of the Rocky Flats Plant (RFP) and covers an area of approximately 105.1

acres.

From April 1982 until October 1985, the WSF area was used for periodic spray application of
excess liquids pumped from the Solar Evaporation Ponds 207-B North and 207-B Center. Pond
207-B Center was a repository for treated sanitary effluent, whereas Pond 207-B North was a
repository for water from the interceptor trench system (ITS). The ITS was installed to collect
groundwater and seepage from the hillside north of the Solar Evaporation Ponds and water from
the Building 771 and 774 footing drains.

The total combined area of direct application is approximately 14.1 acres, and is divided into
three areas. Area 1 is approximately 35.6 acres in size and accommodated three fixed spray
lines (two were previously portable lines) with a width of 80 feet and an average length of
1,624 feet. The resulting spray area for all three lines was 8.4 acres. Area 2 covers
approximately 2.5 acres and accommodated a single fixed irrigation line. A spray impulse
cannon with @ maximum spray radius of 100 feet was used on an east-west trend in Area 3 (3.2

acres). Figure 1-1 illustrates the three areas of spray application.

Based on the total volumes applied between April 1982 and October 1985 - and the estimated
areas of application of 8.4, 2.5, and 3.2 acres for Areas 1, 2, and 3, - a total average was
estimated. The estimated total application of Pond 207-B North water is about 40 inches of
liquids applied in Area 1. The estimated total application of Pond 207-B Center liquids is
roughly 150 inches, applied in Areas 1, 2, and 3. Because liquid from both ponds were applied

to Area 1, the maximum total application could have been as much as 190 inches per unit area



for all four years of operation.

The water collected from the ITS and pumped to Pond 207-B North has been characterized (U. S.
DOE, 1992) as containing elevated nitrate, chloride, and sulfate. The most prevalent metals
were sodium, potassium, calcium, and magnesium. Radionuclide concentrations were highest
for uranium-234 and uranium-238. The only organic compound detected was methylene
chloride, although this compound was also noted in blanks and its presence is attributed to

laboratory contamination.

Liquids from Pond 207-B Center were applied to all three application areas. This water
consisted of treated sanitary effluent from the RFP sanitary waste-water treatment plant,

which was characterized by elevated nitrate concentrations.

1.2 PURPOSE AND SCOPE

Purpose

The purpose of this Technical Memorandum is to integrate Phases | and Il of the OU 11 RFI/RI
field investigations and applicable documents in order to perform a risk assessment and justify
a final action for the West Spray Field. This will be accomplished by streamlining both phases
thereby eliminating the need for interim studies and investigations. Existing data will be used

to their fullest extent to support this effort.

Scope

The scope of this Technical Memorandum is limited to the following tasks:

1. The implementation of a field investigation to support a comprehensive assessment of

potential sources and pathways at OU 11. Field efforts will include:

* HPGe field screening for potential radiological contamination;

* Vadose zone investigations to assess the nature and extent of potential contamination

1-3



and to assess the viability of this as a contaminant transport pathway and;

* Ecological impacts assessment to determine if there is evidence of impacts from past
practices at OU 11.

2. The evaluation of historical and current data will provide justification for final action

recommendations. Specific data to be examined include 1988 test pit analytical data, historical

and current monitoring well activities, and solar ponds process knowledge.
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2.0
ASSESSMENT OF EXISTING DATA

Several investigations previously performed in the OU 11 area provide useful information for
this field sampling program. Data from surface radiation surveys, historical soils
investigations, and ongoing groundwater monitoring activities were assessed to locate data gaps
needing further investigation. This section will provide an overview of previous, current and
ongoing studies at OU 11. Section 4 of this TM goes into further detail of actual contaminant

levels.

Much of the historical investigatory work for OU 11 was a result of the need for a Part B
Permit Application for several units including the West Spray Field, which was identified as a
land application unit. As part of the Permit Application, a site characterization report was
prepared which addressed the technical descriptions of the geology and hydrogeology of the site.
Although the West Spray Field was not operating at the time, a closure plan was developed to
provide a regulatory means to cease operation of land application. Closure performance
standards and soil sampling programs were developed as part of the closure plan. Additional
information regarding the characterization efforts are provided in the closure plan developed in

1986 and the revised closure plan of 1988 (Rockwell, International, 1988a).

The soil and groundwater data described in Sections 2.2 and 2.3 respectively, were evaluated for
the impact of West Spray Field activities on those media. This provides data obtained over a
period of six years that have been used to study temporal trends. Certain analytes in the soil and
groundwater are of concern because concentrations are elevated relative to either background
surface soil values from the Rock Creek area or to concentrations in RFP background
groundwater as presented in the 1992 Background Geochemical Characterization Report (EG&G,
1992b).



2.1 GAMMA SURVEYS

Two gamma surveys have been conducted at the West Spray Field. In July of 1989, an aerial
gamma survey of the Rocky Flats Plant and surrounding areas was performed by EG&G Energy
Measurements. The aerial survey, which measured natural and man-made gamma radiation,
provided an estimate of the distribution of isotope concentrations around the plant. Results
were reported on isoradiation contour maps, including measurements of americium-241 and
cesium-137 (EG&G/EM, 1989). A ground-based High Purity Germanium (HPGe) gamma
survey was performed at Operable Unit 11 in September and October of 1993 in order to
determine if further surface soil sampling for radionuclides was warranted as well as to
provide an initial screening for worker safety during future investigations. Results of the
aerial gamma survey and the OU 11 HPGe survey are presented in Figure 2-1 and Table 2-1,

respectively.

Exposure rates from the aerial gamma survey were compared to exposure rates from two
unrelated HPGe detector system studies. The first HPGe survey was performed as a verification
of the aerial data. The second HPGe survey was completed in July of 1993 on a tighter grid for
an investigation in the Protected Area. Overlays of the initial HPGe results for areas inside the
Protected Area were placed on the aerial gamma isopleth maps to verify results, and the
outcomes were nearly identical, the only difference being that the HPGe results were more
refined due to the proximity of the instrument to the ground (10 meters for the ground-based

system and 46 meters for the aerial unit).

Aerial gamma exposure rates measured at OU 11 are lower than those measured on plantsite and
other surrounding areas (11-13 uR/h for OU 11 and 15-17 uR/h for surrounding areas).
Figure 2-1 showbs gross count exposure rates superimposed on a photograph of the Rocky Flats
area (EG&G EM, 1989). The recent HPGe survey shows gamma exposure rates from 5 to 8
puR/h (Table 2-1), which are even lower than the 1989 exposure rates.
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2.2 SURFACE SOIL SAMPLING AND TEST PITS

in 1986, a soil sampling program was conducted within the boundary of OU 11, but not in any of
the areas that received direct application of liquids. Several sampies were collected and
composites for 0- to 6-inches and 6- to 12 inches of soil were analyzed for metals, inorganic
parameters, and radionuclides. Volatile organic compounds were analyzed from surface scrapes.
The sampling program determined that spray constituents were present in areas not subject to
direct spray application indicating either contamination from other sources or that surface

runoff carried potential contamination.

A more extensive sampling program was conducted in 1988 to characterize the entire spray
field area. Twelve test pits were excavated at points of maximum expected spray constituent
concentrations (spray irrigation runoff channels or surface depressions) and soil samples were
collected to a maximum depth of five feet. Thirty-six samples were collected and analyzed for
constituents known to have been in the applied liquid including inorganic parameters,
radionuclides, volatile organic compounds, lead and mercury. These data provide a much more
comprehensive view of the nature of contamination in areas that were both subject to direct
spray application and subject to windblown spray and surface runoff. Figure 2-2 shows the

locations of the 12 test pits and other historical sampling activities at OU 11.

Because spray application involves quantities spread over large areas in low concentrations, and
due to the high evapotranspiration rate in the RFP area, constituent concentrations were
anticipated to be higher in surface soils than in subsurface soils or groundwater. Therefore,
historical investigations focused on surface and shallow subsurface soil sampling. Soil samples
collected during the 1986 program were taken from an area not anticipated to have the greatest
potential for contamination from the spray fields; however, the 1988 test pits were generally

located in surface channel areas and are therefore believed to represent higher risk areas.

The 1988 samples were taken from test pits exposing the uppermost 5 feet of soil. Layer 1 was
compared to surficial soils background data from Rock Creek, because it consisted of the
uppermost two feet of soil. Soil layers 2 and 3 were collected from subsurface materials (three

to five feet below the surface), and were therefore compared with background data from the



Rocky Flats Alluvium (RFA) in the Geochemical Characterization Report (EG&G 1992b). All
analytical data are summarized in Appendix C of this TM.

Radionuclides were analyzed in soil samples collected in 1986 and 1988. Both sampling
programs showed levels of uranium-233, 234, uranium-238, and plutonium above the 1989
background (EG&G, 1992b). The 1988 closure plan (Rockwell International 1988a) stated the
closure performance standards for uranium and plutonium as being 32 pCi/g and 0.9 pCi/g,
respectively. At the time of 1986 sampling, plutonium activities were found to range from
0.00(£0.06) pCi/g to 0.59(+0.06) pCi/g. Although plutonium-239, 240 at a mean activity
of 0.1525 pCi/g for 1988 surface samples is significantly above the Rock Creek background
activity of 0.0475 pCi/g, it is still well below closure performance standards in the 1988
closure plan. Currently, there is no standard for plutonium for the RFP. Risk-based soil
reference levels have been established for QU 3 (Offsite Areas) as 3.5 pCi/g for residential
areas and 100 pCi/g for recreational areas (US DOE, 1993). Clearly, the plutonium activities
in soil detected in OU 11, although statistically greater than determined background activities,
are less than any of the standards adopted for RFP use, including the 1988 West Spray Field
closure performance standard. Furthermore, recent ground-based HPGe studies have shown
back-calculated activities of plutonium-239 and americium-241 to be below detection levels.
Although levels for Uranium were above background in soils, it has been determined that they
are not of Rocky Flats origin (Appendix B). The most likely origin for this Uranium is the

considerable mining activities (historical and current) upgradient of OU 11.

Several organic compounds included on the Hazardous Substance List, were found in soil samples
at concentrations above detection limits. Although these results could be indicative of site

contamination, they could also be the result of laboratory contamination. Generally, indication

of possible laboratory contamination is provided by comparison with laboratory blanks, but no

analyses for laboratory blanks were included with the analytical results for volatile organic
compounds for the 1986 and 1988 soil samples. Inspection of the data indicates that the
volatile organic compounds are near or below detection limits. It is unlikely the volatile
organic compounds in the spray liquid would have been adsorbed onto soil particles because the

act of spraying would probably have caused the organic compounds to volatilize and dissipate.

Nitrate was not analyzed in soils during the 1986 program; however, in 1988, sample analyses
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indicated concentrations of nitrate (as nitrogen) ranging from non-detect (i.e. below 20
mg/kg) to 150 mg/kg. Most non-detects occurred in the upper layer of the test pits. Results of
420 mg/kg and 110 mg/kg from Area 1 of the spray field were noted in the original lab report
as requiring re-analysis (Rockwell International, 1988b). In the zone sampled, there does not
appear to be a correlation of nitrate concentrations with depth. The 1988 closure plan set a
closure performance standard for nitrate in soil as less than 100 parts per million (Rockwell
International, 1988a). As part of a sitewide ecological study, surface soils at the West Spray
Field will be sampled for nitrate content. The data will be used in the risk assessment and
supporting documents for the OU 11 RFI/R! Report.

In summary, soil analyses collected in 1986 and 1988 from the OU 11 area have the foliowing

general characteristics in comparison to Rock Creek background:

. Plutonium activities are greater than background but iess than cleanup
guidance standards.

. Concentrations of volatile organic compounds are inconclusive because of
lab contamination but are at or near the detection levels and as stated
earlier, due to the method of wastewater application, VOC’'s most likely
evaporated.

. Nitrate was present above background concentrations in some samples
from the 1988 program which targeted locations anticipated to have the
greatest contamination.



2.3 GROUNDWATER MONITORING ACTIVITIES

In compliance with RCRA regulations, which require a groundwater monitoring program
capable of determining the impact. of the RCRA regulated unit on the upper most
hydrostratigraphic unit, groundwater monitoring wells were installed. Prior to the 1986
RCRA monitoring program, few wells had been installed; however these have since been
abandoned due to incomplete well construction information. No data from the abandoned wells
was used for studies in this TM,

Groundwater monitoring at the West Spray Field began routinely in 1986 and is being conducted
fo provide data for assessment of the level, extent, and migration characteristics of
contamination in the upper hydrostratigraphic unit beneath the unit (Rockwell International
1987). Groundwater flow in the upper hydrostratigraphic unit moves in an east-northeasterly
direction. The groundwater flow rate was calculated at 28 feet per year in 1991, Fourteen
alluvial wells and three bedrock wells are routinely sampled at the West Spray Field. Only the
1986 alluvial wells are screened through the entire thickness of the alluvium. The 1989 welis
are screened in the 20-foot interval above bedrock. This arrangement adds uncertainty to the
understanding of chemical distribution in the subsurface because the wells screened through the
entire interval have higher contamination levels than do those completed only in the lower
saturated zone (Section 4.3.3 of this TM explains this situation thoroughly).

Groundwater quality in the upper hydrostratigraphic unit in downgradient wells was
statistically compared with that in the upgradient wells and with background groundwater
quality (Section 4.2). The only volatile organic compound detected in groundwater was xylene;
however, total xylene was only detected in one sample from the fourth quarter of 1992 at a

concentration of 10 pg/l. Xylene and other volatile organic compounds were not detected in any

~other quarter or well in the West Spray Field area.

The radionuclides detected in groundwater included americium-241, plutonium-239,240,
uranium-233,234, uranium-238, and tritium. Only americium, plutonium, and tritium
were detected at activities exceeding sitewide background levels (for a greater level of detalil,
see Section 4.1 or Appendix C of this TM). Tritium and americium were each detected at

activities above background in two wells during different sampling quarters of 1992.



Plutonium activity was above the sitewide background value in groundwater from only one well
during one quarter. Concentrations of uranium-233,234 were detected in five downgradient

wells but were within the upper tolerance limits of background values.

The inorganic analytes frequently detected include bicarbonate, calcium, chloride, fluoride,
magnesium, nitrate/nitrite, silicon, sodium, sulfate; however, only calcium, chioride,
fluoride, silicon, and sodium were measured at significantly greater concentrations in the
downgradient monitoring wells. Sulfate, nitrate/nitrite, magnesium and total suspended solids
all were measured at higher concentrations in the upgradient monitoring well (Well 5186).
This could be due to an upgradient source, gradient reversal due to spraying or perched water

moving west due to mounding. This issue is further discussed in Subsection 4.3.3.

In summary, statistical comparisons of upgradient verses downgradient groundwater quality at
the compliance boundary of the West Spray Field indicate that this unit may have contributed
americium, plutonium, and sodium to the groundwater. The volatile organic compounds are
detected at concentrations at or near their detection limits and are typically measured below the

detection limit during subsequent analyses.



3.0
DATA QUALITY OBJECTIVES

The Data Quality Objectives (DQO) process, as outlined in Data Quality Objectives Remedial
Activities (U. S. EPA 1987), was utilized in developing this technical memorandum. The DQO
process ensures that the project objectives are well defined, identifies the environmental data
necessary to meet those objectives, and ensures that the data coliected are sufficient and of
adequate quality for the intended use.

The Field Sampling and Data Collection activities will focus on characterization of the site
physical features and the nature of contamination from the source(s), soils, and groundwater in
order to determine risk and to develop a CMS/FS or support a Final Action Decision. Definition
of site physical features includes a surface radiation survey (previously done for screening as
well as scoping purposes), an ecological evaluation (including surface soil samples analyzed for
nitrates), and bore hole and monitoring well installation. These assessments will determine the
need for remediation and will be used to evaluate remedial alternatives, if necessary, as well as
satisfy the five general goals of an RFI/RI (U. S. EPA, 1988a):

Characterize site physical features;

Define contaminant sources;

Determine the nature and extent of contamination;
Describe contaminant fate and transport; and
Provide a baseline risk assessment (if necessary).

b wWwnN =

DQOs are qualitative and quantitative statements that specify the quality and quantity of data
required to support the objectives of the RFI/RI (U. S. EPA, 1987). The DQO process is divided

into three stages:

Stage 1 - Identify decision types;
Stage 2 - |dentify data uses/needs; and
Stage 3 - Design data collection program.
Through application of the DQO process, site-specific goals were established for the

investigation and data needs were identified for achieving those goals. This section of the TM



discusses the DQO process specific to the West Spray Field.

Data collected during previous investigations wére used to develop the DQOs. Previous data
collection activities focused on site characterization rather than performing a quantitative risk
assessment or environmental evaluation. The historical data is summarized in Section 2.0
(Previous Investigations) of this TM. Section 2.0 also presents rationale used in identifying
OU 11 data needs.

3.1 STAGE 1 - IDENTIFY DECISION TYPES

Stage 1 of the DQO process identifies the decision makers, data users, and the types of decisions
made as part of the RFI/RI process (Table 3-1). The information is then used to identify the
data needs and objectives. The following paragraphs discuss in more detail the identification of
data users, development of the conceptual mode! and the resulting data objectives and decisions
for the OU 11 RFI/RI investigation.

Table 3-1 Decision Types, Makers, and Data Users for the OU 11 RFI/RI Process

DECISIONS

1.

is surface Contamination high
enough to require further
investigation?

. Have ecological receptors

been adversely affected?

. Does a perched water system

exist with accumulated
contamination?

. Is the vadose zone

contaminated?

DECISION MAKERS
CDH, EPA

DOE Project Manager
EG&G Project Manager

CDH, EPA
DOE Project Manager
EG&G Project Manager

CDH, EPA
DOE Project Manager

EG&G Project Manager

CDH, EPA
DOE Project Manager
EG&G Project Manager

DATA USERS
Statisticians
Risk Assessors

Ecologists
Risk Assessors

Geologic/Hydrogeologic
Modelers
Field Geologists

Risk Assessors
Statisticians
Geochemists

5. 1s there a complete pathway for CDH, EPA Modelers
downward migration? DOE Project Manager Geologists
EG&G Project Manager Hydrogeologists
Geophysicists
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3.1.1 Identify and Involve Data Users

Data users are divided into three groups: decisidn makers, primary data users, and secondary
data users. The decision makers for OU 11 are personnel from EG&G, DOE, EPA, and CDH. These
personnel are responsible for decisions related to management, regulation, investigation, and
remediation of OU 11. The decision makers are involved through the review and approval
process specified in the IAG. Primary data users are individuals invoived in ongoing RFI/RI
activities for OU 11. These individuals are the technical staff of CDH, EPA, DOE, EG&G, and
EG&G subcontractors. Primary data users include geoscientists, statisticians, risk assessors,
engineers, and health and safety personnel. The primary data users will be involved in
collection and analysis of data and in preparation of the RFI/R! repori, including the Baseline
Risk Assessment. Secondary data users are those users who rely on RFI/RI outputs to support
their activities and may include personnel from CDH, EPA, DOE, EG&G, and EG&G subcontractors
working in areas such as data base management, quality assurance, records control, and

laboratory management.
3.1.2 Evaluation of Available Data

The historical investigations conducted at the West Spray Field and associated areas of OU 11
have generated data which were evaluated for completeness and used in identifying current data
gaps. The previously collected data, its application to this FSP, and its quality and useability
are extensively described in Section 2.0 (Previous Investigations) of this TM.  The majority of
data gaps exists in the area of shallow groundwater, so the DQOs and this investigation will focus
on that media. The following list of historical and recently collected data were used to evaluate
conditions at the West Spray Field and make determinations as to the necessary extent of further

investigations:

. historical and current monitoring well analytical data
. 1986 surface soil sampling results
. 1988 surface and subsurface soil sampling results
. historical and recent surface water analyses
. radiological screening (aerial and ground-based)
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3.1.3 Conceptual Site Model

The function of the West Spray Field conceptual model is to describe the site and its environs and
to present hypotheses regarding contamination (or potential contamination), routes of
migration, and potential impact on receptors. The original Phase | RFI/RI Work Plan for OU 11
presents a conceptual model that includes a description of the contaminant source, release
mechanisms, transport medium, contaminant migration pathways, exposure routes, and
receptors. The Hydrogeologic Conceptual Model (Figure 3-1) takes the modeling process one
step further by presenting potential migration pathways in a geologic setting. The primary
release mechanisms for contaminants from the West Spray Field are fugitive dust, surface-
water runoff, infiltration and percolation of groundwater, bioconcentration/bioaccumulation,
and tracking. The possible exposure pathways for contaminants resulting from spray
application include ingestion, inhalation, and dermal contact involving contaminated soil,

groundwater, and surface water.

Surficial and shallow soils, which received waste water through direct application and surface
runoff, are recognized as the primary media of concern for potential contamination, although
historical analytical results show most contaminant concentrations in these media to be below
background levels {Section 4.2). Soil characterization activities and recommendations relative
to previously collected data are presented in Sections 2.0 (Previous Investigations) and 4.0
(Sampling and Analysis Plan) of this technical memorandum. The subsurface soils will be
characterized further by borehole sampling during drilling activities to install monitoring
wells. If significant levels of contamination are found, further investigation will be necessary
and a soil sampling program will be initiated in accordance with a statistical sampling grid of
biased and random locations (EG&G 1993a).

Due to data gaps in groundwater investigations at OU 11, this is the media that will be examined
most thoroughly. Specifically, the potential for a perched water system to exist and accumulate

contaminants will be investigated.



r logi n |
The primary goal of the field sampling plan is to evaluate current contamination levels as these
relate to the potential for migration of contaminants from the unsaturated zone into the
saturated zone of the water table aquifer. Previous soil and groundwater investigations do not
indicate that significant levels of contamination exist in OU 11 (See Section 2.0). Data collected
from wells constructed to evaluate only the saturated zone of the uppermost hydrostratigraphic
unit indicate that concentrations for individual contaminants are insignificant. However,
elevated levels of some contaminants, specifically nitrates, have been detected in wells which
were screened to evaluate the entire (saturated and unsaturated) uppermost hydrostratigraphic
unit at OU 11, including the saturated and unsaturated zones. It is hypothesized that these
elevated levels are the result of the contribution of contaminated perched groundwater mounds
to the overall shallow groundwater system. (Evidence for perched groundwater conditions is
discussed in Section 4.3.3.1.) To date, characterization of shallow subsurface lithologies and
water chemistries is incomplete. The revised field sampling plan is designed to test the
hypothesis that perched groundwater mounds exist and to characterize shallow subsurface
lithologies and groundwater chemistry for significant levels of contamination. If significant
levels of contamination are found, then further vadose zone characterization will be considered
to further analyze the migration of contaminated groundwater as a source of significant risk. If
no significant levels of contamination are found to exist in shallow perched groundwater

mounds, then no further characterization of the groundwater system will be deemed necessary.

At the West Spray Field, the uppermost hydrostratigraphic unit is the Rocky Flats Alluvium, a
heterogeneous alluvial fan deposit consisting of unconsolidated gravels, sands, and clays with the
water table at a depth of approximately 50 feet. However, as previously discussed, the probable
existence of groundwater mounds in the vadose zone constitutes the primary concern relative to
potential groundwater contamination. The following conceptual mode! for shallow groundwater
mounding is proposed as'a hypothesis to be evaluated: Spray application of water occurred
during several years as a waste management activity; surface runoff, evapotranspiration, and
infiltration occurred during that time; infiltrated water recharged the alluvial
hydrostratigraphic unit to a small extent, but also mounded over semi-pervious clay layers or
lenses of lower vertical hydraulic conductivity; finally, when spraying ceased, perched zones
began to diminish due to continued vertical migration and evapotranspiration. Contaminants

may still exist in these perched zones either as dissolved constituents or precipitates.
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Historical water level data and recent drilling reports indicate that perched water conditions
probably exist under portions of OU 11. Evidence for perched conditions is discussed in Section
4.3.3 where the justifications of monitoring well locations are presented. If groundwater has
become contaminated to significant levels above background because of spray application,
perched water, by virtue of its proximity to the surface of application, would have the potential
for containing maximum levels of contamination. The migration of perched groundwater would
constitute a potential health risk. Figure 3-1 is a schematic representation of the vadose zone
and groundwater mounds associated with spray application. To date, the characterization of
vadose zone geology and water chemistry is incomplete. As previously mentioned, most
monitoring wells in the West Spray Field were designed to monitor the saturated zone of the
uppermost hydrostratigraphic unit. In addition, because of the presence of large cobbles and
bouiders in the alluvial gravels, most of these wells were drilled using percussion technology.
Lithologic descriptions of the collected cuttings lack accuracy and detail. Therefore, for this
investigation, subsurface lithologies as well as bore hole and groundwater chemistries will be
characterized (in accordance with Section 4.2, Contaminants of Concern). Seismic data (Figure
3-1) was not utilized for the selection of the drill sites. However lithologic data coliected from
the field sampling plan will be used as a aid in calibrating the seismic data to the subsurface

geology.

Mathernatical Modeling of Shallow Perched Groundwater Mounds

For planning purposes, preliminary mathematical analytical modeling was performed. Using a
method documented by Brock (1976), a hypothetical two dimensional mound profile under WSF
Spray Area One was calculated. Appendix B shows the model calculations used to predict mound
height and extent. Parameters used in the mode! were in accordance with field data collected in
other areas of RFP and professional judgement. Hydrologic assumptions relevant to the model
are similar to those inherent in various groundwater models and are explicitly stated. This
model was specifically used to provide a rough "order-of-magnitude” analysis of anticipated

perched groundwater mound height.

Modeling results suggest that perched mounds resulting from spray application are relatively
thin, with the calculated steady state mound height under Spray Area One being approximately

seven feet. The significance of presenting this information is to emphasize the importance of
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core recovery and data collection during drilling activities. The zone of interest is thin;
therefore appropriate drilling and sampling technologies must be used to ensure adequate
sample recovery. Often sample recovery in coarse grained alluvial soils is poor when
conventional coring techniques are employed and thin zones of interest might not be represented.
A discussion of drilling and sampling techniques for the OU 11 sampling plan is presented in
Section 4.0.

3.1.4 Objectives of the Revised Field Sampling Plan
The main objective of this TM is to collect adequate field data to support a final action decision
for OU 11. This investigation will be based on the process flow diagram (Figure 3-2). The
field investigation will be conducted as follows:

- Evaluate current and historical data collected for surficial soils within OU 11;

+  Assess current ecological conditions at OU 11;

« Investigate the possibility of contamination within the vadose zone at OU 11;

- Determine if a zone of perched water exists at OU 11 and if so, whether contaminants

have accumulated in that zone and;

- Determine if a potential for a complete pathway for downward migration exists.



FIGURE 3-2: PROCESS FLOW DIAGRAM
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3.2 STAGE 2 - IDENTIFY DATA USES AND DATA NEEDS

Stage 2 of the DQO process involves the identification of data uses and types as well as data
quality and quantity needed to meet the objectives specified in Stage 1. It also includes the
selection of the sampling approach and analytical options for the RFI/RI investigation. Finally,
DQOs must address the precision, accuracy, representativeness, comparability, and
completeness (PARCC) parameters of the planned activities (U. S. EPA 1987).

3.2.1 Data Uses

To address the objectives outlined in Stage | of the DQO process, the anticipated uses for the
collected data must be specifically stated. The data from the Revised Field Sampling Plan field
investigation will be used to assess whether significant contamination exists in the vadose zone
beneath OU 11, and if it exists, evaluate the vertical and horizontal extent of the contamination

and potential for risk to human health and the environment.

The three categories for data uses as defined by the EPA (U. S. EPA 1987) that apply to OU 11
revised field sampling plan activities are health and safety, site characterization, and risk
assessment. Data from previous investigations were used to determine that immediate risk to
public health was minimal. Therefore, initial screening data will be used for worker health and
safety purposes and the data gathered from the investigation outlined in this field sampling plan

will be used for site characterization and risk assessment simultaneously.

3.2.2 Data Types

Following identification of the intended users (Section 3.1) and use of the data to be collected,
the necessary data types were developed. Data types include general categories such as water
quality data and groundwater level data, as well as more specific information such as proposed

analytical parameters.

Specific types of data to be collected during implementation of the Revised Field Sampling Plan
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investigations include stratigraphic, groundwater chemistry, soil chemistry, physical soil
property, and surface radiation survey data. Some of the data has previously been collected for
the purpose of determining whether interim measures need to be taken to prevent further
contamination. New data will be gathered and historical data will be examined through the
following efforts;

. Two surface radiation surveys and two surface soil analyses were previously
performed for screening and scoping purposes. An aerial gamma survey was performed
in 1989, and a limited ground-based radiation survey was performed in September of
1993. Data from both will be used to fill in data gaps for surface soils. The surficial
soil analyses were conducted in 1986 and 1988 and data from these investigations will
be statistically evaluated against background values and risk parameters. These types of
data are needed to determine the level of safety for workers as well as to evaluate the need

for further surface soil analyses.

. The Environmental Evaluation will be performed to determine the nature and
extent of present and potential impacts of OU 11 contaminants on biota. As part of a
site-wide study and in conjunction with this EE, nitrates in surface soils will also be
analyzed. The EE will be performed in two phases with the Effects Assessment performed
first, and the Exposure Assessment performed based on results of the Effects Assessment.
If results from the Effects Assessment prove no significant effects on the ecology at OU

11, the Exposure Assessment will not be necessary.

. A bore hole drilling and groundwater monitoring program will be implemented to
acquire additional soil chemistry and groundwater data in strategic locations. Soil
chemistry data will be collected near the surface and throughout the vadose zone to better
characterize spatial distribution of constituents of concern. In addition, physical
properties of soil will be examined to better refine the conceptual model. After the bore
holes are drilled to obtain alluvium samples, they will either be completed as
monitoring wells targeting specific areas of lithologic interest or abandoned as per
Section 4.3.3.2 of this TM. The additional soil sample analyses and groundwater sample
analyses, in conjunction with the pore-water sample analyses will aid in characterizing

the nature and extent of contamination within the vadose zone.
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3.2.3

To address the objectives outlined in Stage 1 oﬂf the DQO process, the anticipated uses for the
collected data are specifically stated.
analytical levels on Table 3-2. Data gaps have been identified in the definition of site physical
features and can be satisfied through the efforts of (1) a surface radiation survey and
evaluation of historical surficial soil analytical data, (2) an ecological evaluation, and (3) bore

hole drilling followed by monitoring equipment installation.

Data Quality

level of data to be collected in this field effort.

Table 3-2
Obijectives and Activities of the Revised Field Sampling Plan

Data quality has been specified through the listed

Table 3-2 describes the use and

Objective

Field/Analytical Activity

iAnalytical Level*

Data Use

Determine if
Contamination Exists in
the Vadose Zone

1) Collect and analyze soil
samples from bore hole
core

2) Install monitoring wells
targeting suspected areas
of perched groundwater

1& 1l - Field
IV & V - Analytical

1 & li - Field
IV & V - Analytical

Site characterization
Risk assessment
Field Decisions

3) Determine total i - Field

drilling depth and IV - Analytical

abandon when installation

of monitoring wells is

deemed inappropriate
Evaluate Current 1) Obtain recent HPGe Il - Field Site characterization
Radiological Screening of | Survey data & evaluate IV - Analytical Risk assessment

Surface and Subsurface
Soils

against 1989 aerial survey

2) Statistically evaluate
1986 and 1988 surface
and subsurface soil
investigation results

Health and Safety

Assess Current Ecological
Conditions

1) Compare current
conditions to backgrd

2) Determine the
absence or presence of
adverse impacts to the
ecology.

Not Applicable

Site characterization
Risk assessment

° Level | - Field analysis with portable instruments
Level Il - Field analysis with mobile fab or more sophisticated equipment than level |
Level 1l - Analyses performed in an off-site lab

Level IV - Contract Lab Program (CLP) routine analytical services
Level V - Analysis by non-standard methods




3.2.4 Data Quantity

Data quantities sufficient to support the DQOs are detailed in Section 4.0, Sampling and Analysis
Plan and justified in Sections 2.0, Assessment of Existing Data and Subsection 4.2,
Contaminants of Concern. Essentially, the data quantity required is that which determines if
perched zones exist, and if so, whether or not contaminants occur in those perched zones at
levels which present risk to human health or the environment. The amount of data needed to
support the Baseline Risk Assessment and subsequent RFI/RI Report is discussed and defended in
Sections 3 and 4 of this TM.

3.2.5 PARCC Parameters

PARCC parameters for analytical Levels I, Il, IV, and V are discussed below. Goals for
precision, accuracy and completeness are specified in the Quality Assurance section (Section
5.0} of this Work Pian.

Precision is a quantitative measure of data quality that defines the reproducibility or degree of
agreement among replicate measurements of a single analyte. The closer the numerical values
of the measurements are to each other, the more precise the measurements. Precision will be

determined from the results of duplicate analyses (EG&G, 1991a).

During the collection of data using field methods or instrumentation, precision is checked by
reporting several measurements taken at one location and comparing the results. Sample
collection precision shall be measured in the laboratory with the analysis of field replicates and
laboratory duplicates (EG&G 1992c). Analytical precision will be achieved by adhering to the
analytical methods cohtained in the GRRASP (EG&G 1990). Sampling precision will be achieved
by conformance to the procedures specified in the Environmental Management Division’s

Operating Procedure manuals referenced above.

Accuracy will be expressed in terms of completeness and bias. Accuracy is a quantitative
measure of data quality that refers to the degree of difference between measured or calculated

values and the true value. The closer to the true value, the more accurate the measurement.
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One of the measures of analytical accuracy is expressed as a percent recovery of a spike or
tracer that has been added to the environmental sample at a known concentration before
analysis (EG&G, 1991a). Although it is not feasible to totally eliminate sources of error that
may reduce accuracy, error will be minimized by using standardized analytical methods and
field procedures.

Representativeness is a qualitative parameter that expresses the degree to which sample data
accurately represent a characteristic of a population, parameter variations at a sampling point,
or an environmental condition (EG&G, 1992c). Representative data will be obtained by
analyzing historical data, determining data gaps, and implementing a field sampling plan that
completes data necessary for characterization. Fieldwork will be conducted according to SOPs,

further aiding the collection of representative data.

Completeness is a quantitative measure of data quality expressed as the percentage of valid or
acceptable data obtained from a measurement system. Completeness is achieved by obtaini'ng
samples for all analyses required ét the each sampling location, providing sufficient sample
material to complete those analyses, and producing QC samples that represent all possible
contamination situations such as potential contamination during sample collection,

transportation, or storage (EG&G, 1992c).

Comparability is a qualitative parameter describing the confidence with which one data set may
be compared to another (U. S. EPA, 1987). The standard laboratory methods of the GRRASP
(EG&G 1990) and standard operating procedures for conducting field work will allow for one to
one comparability of OU 11 RFI/RI data to other work conducted in conformance with those same
standards.

3.3 STAGE 3 - DESIGN DATA COLLECTION PROGRAM

Stage Three of the DQO process compiles the various elements of Stages One and Two into a
cohesive data collection program. A Sampling and Analysis Plan and Quality Assurance/Quality
Control Plan have been developed and are included as Sections 4.0 and 5.0, respectively, of this
Technical Memorandum.



4.0
SAMPLING AND ANALYSIS PLAN

4.1 OBJECTIVES AND APPROACH

The objective of this field sampling plan is to provide the scope for additional data necessary to
complete sufficient characterization of the West Spray Field that will be used to evaluate the
potential risk from the site. The RFI/RI Report and risk assessment for OU 11 require adequate
data coverage of the area. ldentification of data gaps was determined by assessing historical data,
performing preliminary investigations (i.e. the ground-based radioisotope survey), and
determining parameters needed to fully evaluate contamination pathways. All data incorporated
into this document was subject to QA testing and rigorous statistical analysis using the Gehan
method. Each section provides justification for locations, amounts, and types of sampling,
including process knowledge of solar pond water constituents, known locations of areas that

received maximum spray, and geologic modeling information.

4.2 CONTAMINANTS OF CONCERN

Contaminants of Concern (COC) for any given site are determined for each affected medium.
Contaminants of similar chemistry are grouped into analytical suites. Typical suites include
volatile organic compounds (VOCs), semi-volatile organic compounds (SVOCs), pesticides,
radionuclides, metals and water quality parameters. Using EPA guidance, the examination of
contaminant concentrations determines whether or not the contaminant is present in
concentrations high enough to pose a potential hazard to human health or the environment. The
examination process begins with a long list of analytes that are singularly eliminated or
retained after evaluation of 1) background concentration comparisons, 2) detection frequency,
3) essential nutrients, and 4) likely Applicable or Relevant and Appropriate Requirements
(ARARs)/Preliminary Remediation Goal (PRG) comparison. Process knowledge and physical
features of potentially contaminated areas are also taken into account for COC determinations.
This process has been performed and has resulted in a list of the potential contaminants of

concern for OU 11.



Sampling of OU 11 media began routinely in 1986 for a variety of analytical suites. An
evaluation of suites and media sampled is summarized in Table 4-1. Raw data were screened and
certain data points were rejected prior to the evaluations described above. Data points rejected
during quality assurance testing were excluded, as well as all data points that did not have
qualifiers indicating that they were target data with a quality control designation as “real”
(e.g., those data points that were spikes, blanks, surrogates, etc.). These suites and media were
considered the initial point for the current evaluation of potential contaminants of concern
(PCOCs).

Table 4-1
Analytical Suites and Sampled Media for OU 11

Water
Pesticides Radio- Quality
VOCs SVOCs and PCBs Metals nuclides Parameters
Surface Water X X X X X X
Groundwater X X X
Surface Soil” X X X
Subsurface . X X : X
Soil”

‘The subsurface soil contaminants consist of the following nine individual analytes taken from the metals,
radionuclides, and water quality suites: gross alpha, gross beta, plutonium-239/240, uranium-233/234, uranium-238,

lead, mercury, nitrate/nitrite, and total organic carbon.

4.2.1 Method of Evaluation

An explanation of the method of evaluation as graphically represented in Figure 4-1 is
necessary. Analytical results are first compared to background concentrations at the Rocky
Flats Plant as presented in the Background Geochemical Characterization Report (EG&G,
1992c¢), and explained further in this section. If the detection frequency of PCOCs that exceed
background is below 10%, they are excluded from the PCOC list. The remaining analytes that
are essential nutrients are not considered for the PCOC list. Those still remaining are compared
to most likely ARARs or PRGs if ARARs do not exist or if PRGs are more conservative. Finally
those that exceed likely ARARs or PRGs are selected as PCOCs. The following sections (or

subsections) detail each step in this process.
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Backgroun mparison

A nonparametric statistical comparison (one that does not require assumptions about specific
distribution) was performed between the existing OU 11 data and background data obtained from
the Background Geochemical Characterization Report (EG&G, 1992c). This was done for the
purpose of statistically determining whether the OU 11 data significantly exceeded background
data at the 95 percent confidence level (the significance level for determining if the null
hypothesis should be rejected is 5 percent). The Gehan test was used, and comparisons were

done without data replacement.

During the interagency meeting held on September 29, 1993, EG&G and DOE proposed a
modified “Gilbert methodology” for performing OU versus background comparisons to generate
a single list of PCOCs to be used for all facets of the OU study. The Statistical Applications Group
(SA) from EG&G indicated that some of the battery of statistical tests discussed in Dr. Gilbert's
report (i.e., quantile test, slippage test, t-test) may not offer much, if any advantage over the
Gehan test alone. Statistician Dr. Kenny Crump made a similar evaluation at the request of EG&G
and concluded that the Gehan test alone is sufficient for determining PCOCs (Crump 1993). SA
personnel also indicated that these additional tests could be performed simultaneously while the
Gehan test was being run. Whether or not these additional tesis would indicate PCOCs not
recognized by the Gehan test would be examined with the expectation that this would occur only
rarely. If this were in fact the case, then the other tests might eventually be eliminated from
the battery of tests required.

Currently, the quantile test, slippage test, and t-tests are being performed for OU 11. If a
significant difference to the results in the Gehan test is revealed by the additional tests, then the
appropriate PCOCs will be added to the list for investigation. Results from the additional tests
will be added as an appendix to this TM.

Also agreed to at the September 29 meeting was the use of the 99/99 upper tolerance limits
(UTLs) as a “hot-measurement” test. All data from the OU will be compared to the
corresponding UTLs to flag any concentrations higher than the appropriate UTL. These flagged
data will then be evaluated spatially and temporally, in an effort to locate potential “hot spots”
within the OU. The UTL comparison is currently being performed for the OU 11 data and will be
incorporated as an appendix to this TM. If hot spots are revealed, this TM will be revised to
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incorporate activities that investigate the anomalies. However, due to the nature of the
historical treatment of waste at OU 11, no *hot spots” are anticipated. Water from the solar
ponds was uniformly sprayed over the spray areas of the West Spray Field, thus the potential
contamination should also be rather uniformly distributed across the OU. Because there are no
buried drums or other sources that could contribute to potential hot spots, the UTL analysis

should provide final proof that no hot spots exist.

Background concentrations were determined for each contaminant in each medium. The
backgro_und concentrations used for surface soil contaminants were derived from the composited
results of nine surface soil samples from Rock Creek. The background concentrations for
subsurface soil contaminants were calculated from analytical data for the Rocky Flats Alluvium
bore hole materials (EG&G, 1992b). For a statistical comparison of groundwater constituents,
alluvial and bedrock groundwaters were considered independently. For alluvial groundwater,
the background concentrations were derived from a composite of samples from Wells B2005889,
B200689, B200789, B200889, B400189, B400289, B400389, B400489, and B405586.
For bedrock groundwater, the background concentrations were derived from a composite of
samples from Wells B203789, B203889, B203989, B204089, B204189, and B204689.
For surface water, the background concentrations used for comparison were a composite of
samples from three stations: SW080, SW104, and SW108. Analytes with concentrations at OU
11 below those of background at the 95% confidence level were not considered to be PCOCs.

Statistically derived P-Values were computed in the comparison of OU 11 data to corresponding
background values. A P-Value of less than or equal to 0.05 indicates that the analyte
concentration in the OU 11 sample is statistically significantly different from that of
background; a P-value of greater than 0.05 indicates that the analyte concentration is not
significantly different from background at the 95 percent confidence level. The metais that
were identified as having concentrations exceeding background concentrations at a 95 percent

significance level continued through the process of PCOC determination.

Nutrien xclusion
Analytes that are common nutrients were excluded in accordance with EPA guidance, which

eliminated iron, magnesium, calcium, potassium, and sodium. In addition, silicon is eliminated
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in this evaluation as a non-toxic major constituent of soil.

ARAR and PR mparison

Both likely ARARs and toxicity-based PRGs were considered in the evaluation leading to the
selection of contaminants of concern. ARARs were used to assess water contaminants and PRGs
were used to evaluate soil contaminants, except where regulatory guidance existed, in which
case, the regulatory guidance was used for comparison. An explanation of how PRG values were
calculated is included as Appendix D of this Technical Memorandum.

Because the consideration of toxicity is not applicable to most of the water-quality parameters,
they will not be subjected to the above analysis, but are nonetheless retained as a valid
analytical suite for further evaluation. However, the following five water-quality analytes will
be evaluated with respect to ARARs and PRGs: chioride, fluoride, nitrate/nitrite, sulfate, and
cyanide. These were chosen due to process knowledge of solar pond inputs and will undergo the
comparative analysis along with analytes from the other suites. [f these five analytes and all
other suites are eliminated through the evaluation process, the entire water-quality suite will

also be eliminated.

4.2.2 Evaluation Results by Media

Alluvial Groundwater

Table C-1 in Appendix C shows the selection process of PCOCs for alluvial groundwater. Metals,
radionuclides, and water quality parameters that have been analyzed as part of the RCRA
Groundwater Assessment Program are listed. CLP VOCs were analyzed in alluvial groundwater
samples but not detected, and are therefore not included in the table. Furthermore, as explained
earlier in this Technical Memorandum, VOCs would have volatilized during spray application.

Analytes were first compared against background using the P-Value as discussed above. The
following 13 analytes significantly exceeded background values and were retained in the PCOC
selection process.



. total aluminum

. total iron

. total manganese

. total sodium

. dissolved mercury

. dissolved silicon

. dissolved sodium

. dissolved gross alpha

. dissolved uranium 233,234
. dissolved uranium 238
. chloride

. fluoride

. cyanide

A review of detection frequencies caused cyanide to be deleted from the list of PCOCs. Iron and
sodium were excluded from further consideration because they are essential nutrients. Silicon
was eliminated because it is a nontoxic constituent of soil and a major element of the earth's
crust. Gross alpha was not further evaluated because it is an indicator of total activity and is
not an actual analyte. The list was reduced to the following seven analytes for comparison
against likely ARARs and PRGs:

. total aluminum

. total manganese

. dissolved mercury

. dissolved uranium-233,234
. dissolved uranium-238

. chloride

. fluoride

Mercury, chiloride, and fluoride were deleted after comparison to likely ARARs and PRGs.
Uranium isotope ratios in subsurface soils were compared to discern the source of uranium.
The uranium present in subsurface soils was identified to be natural uranium and not

contamination form enriched uranium used at the RFP. A discussion of this evaluation and the
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significance to OU 11 is presented in Appendix A.

The final list of PCOCs was reduced to aluminum and manganese. However, because significantly
high values of aluminum and manganese were indicated only in total sample types and not in
filtered samples, those values are due to the fact that aluminum and manganese are major
constituents of rock and clay. Unfiltered samples are impacted by turbidity, potentially due to
drilling activities and can therefore reflect high values of naturally occurring analytes. The
filtered values are a more accurate indication of groundwater quality, and concentrations for
aluminum and manganese in filtered samples are not statistically different than background

values. Thus, aluminum and manganese will not be included as PCOCs.

rock Groundwater
Table C-2 in Appendix C shows the selection process of PCOCs for bedrock groundwater. All
analyzed metals, radionuclides, and water quality parameters are listed. CLP COCs were
analyzed in bedrock groundwater samples but not detected, and are therefore not included on the
table.

Analytes were first compared against background. The following three analytes significantly

exceeded background values and were retained in the PCOC selection process.

e total barium
. total chromium
. dissolved vanadium

A review of detection frequencies and essential nutrients did not alter this list. The list was
compared against ARARs and PRG and all analytes were deleted. No PCOCs were identified for

bedrock groundwater.

rface Water
Table C-3 in Appendix C shows the selection process of PCOCs for surface water. All analyzed
metals, radionuclides, and water quality parameters are listed. CLP VOCs, CLP SVOCs, and CLP
pesticides were analyzed but not detected in surface water, and are therefore not included on the
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table.

Sodium exceeded background values. Sodium is an essential nutrient and was excluded from the

list. Therefore the surface water medium does not have any PCOCs.

rf il
Table C-4 in Appendix C shows the selection process of PCOCs for surface soils. All analytes
from surface soils are listed. None of the analyte values exceeded background; however,
comparison of mercury to background was not appropriate because mercury was not detected in
background samples. Mercury was further evaluated against likely ARARs and PRGs and
eliminated as a PCOC on the basis of comparison to the PRG.

Subsurface Soils

Table C-5 in Appendix C shows the selection process of PCOCs for subsurface soils. The
appropriate analytes are listed. Concentrations of plutonium, uranium, lead, and
nitrate/nitrite in subsurface soils significantly exceeded background concentrations. These
analytes were detected frequently enough to warrant further evaluation and none were essential
nutrients. A comparison with ARARs and PRGs eliminated all of these from further
consideration. No analytes in subsurface soil are retained as PCOCs in accordance with this
evaluation method.
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4.2.3 Summary and Conclusions

The evaluation to identify potential contaminants of concern includes selection of analyte suites,
data validation, comparison to background concentrations, elimination of nutrients, and
comparison with likely ARARs and PRGs. After a thorough statistical evaluation to determine
appropriate contaminants of concern for OU 11, the resulting analyte list for each medium
identified at OU 11 is as follows:

Groundwater (alluvial):
None
Groundwater (bedrock):
None
Surface Water:
None
Surface Soil:
None
Subsurface Soil:
None

Because PCOCs were determined from monitoring wells designed to evaluate contamination in
bedrock groundwater, the list of PCOCs for that medium is appropriate. However, the current
conceptual model inciudes the presence of perched water within the subsurface soil. If this
water is encountered during the proposed drilling program, wells will be installed and samples
will be analyzed to determine if contamination exists in the perched zone. A list of analytes of
concern based on process knowledge and sample data from the few wells with extensive screened
intervals has been developed to isolate and analyze water quality from the potential perched
system.

Process knowledge, historical analyses of solar pond water, and standards for sampling
constituents provided the data needed to determine a PCOC list for the potential perched water
zones. Treated sanitary effluent was the major water source for the solar ponds, so nitrate will

be the priority contaminant for analysis. Historical analyses of solar pond water indicate low
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concentrations of radionuclides in the ponds (EG&G 1993b), therefore, an analysis for
radionuclides will be included. Finally, analyzing for TAL metals is standard and would be
prudent for complete analytical characterization, thus TAL metals will be included as the last
priority in the list of PCOCs for perched water if it exists at OU 11. This list and sampling

priority is summarized below:

Priority Apalyte Logic
1 Nitrates Process knowledge demonstrates that nitrates

were a major constituent of spray water, and
nitrates exist at varying levels in different wells
at the West Spray Field.

2 Radionuclides Historical analyses of solar pond water showed
low concentrations of radionuclides.

3 Target Analyte List Metals TAL metals are included for a more complete
analysis.

The preceding analysis performed for determining the contaminants of concern for subsurface
soils was based on the data collected during the 1986 and 1988 soil sampling programs. For
subsurface soil data, the samples were collected from the upper five feet of soil. It is felt that
chemical analyses of the upper five feet do not adequately represent the chemical characteristics
of all subsurface soils. The likelihood of contaminants of concern being different for deeper soil
than near-surface soil is low because the contamination would have to have passed through the
upper five feet; however, in order to acquire additional data for characterization purposes, the
proposed drilling program will include chemical analyses of the recovered core for the

constituents listed below.

. Target Analyte List Metals

. Uranium 233/234, 235, and 238
. Plutonium and Americium

. Nitrate



To summarize, after evaluations of statistical analysis and geologic reasoning, the final list of
COCs is as follows:

Groundwater (alluvial):

. Nitrate
. Radionuclides
. TAL Metals

Subsurface Soil:

. Target Analyte List Metals

. Uranium 233/234, 235, and 238
. Plutonium and Americium

. Nitrate

Groundwater (bedrock):
. None

Surface Water:
. None

Surface Soil:
. None
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4.3 PROPOSED ACTIVITIES AND LOCATIONS
4.3.1 Ecological Field Sampling Plan
Sampling Strategy

The basic Ecological field sampling strategy will follow the approach that has evolved during the
development of the environmental evaluation (EE) process for each individual operable unit
(OU) at the Rocky Flats Plant (RFP). Both a Reference Area comparison and a Synoptic
Sampling approach will be utilized. To facilitate this approach, sampling grids will be
collocated (i.e., sampling sites where a full suite of samples will be taken for each endpoint)
with biased sample sites. The immediate result of this design will be a stronger weight-of-
evidence approach. This approach follows the outline recommended by the EPA document
Framework For Ecological Risk Assessment (1988b). The objectives that are stated in the QU
11 Work Plan parallel the appropriate guidance which is consistent with the objectives of EEs
occurring in other RFP QUs.

The field sampling design will produce data for the analyses, study and comparison of reference
sites and individual sites at OU 11. Comparisons between spray and non-spray areas is
necessary to isolate potential changes resulting from the impacts of adding increased moisture
and nitrates to a moisture and nutrient-limited rangeland environment.

A matrixed sampling strategy for OU 11 field operations with the given field tasks (endpoints)
matrixed is presented in Appendix E, Table E-1. In addition, the proposed field sampling
methods to be utilized are presented for each endpoint in Table E-1 . Table E-2 in Appendix E

summarizes the sampling design intensity for the study area.



mplin ion
The terrestrial sampling locations will include the selection of three types of sites (i.e.,
sprayed, non-sprayed, and reference) within the somewhat homogeneous mesic mixed grassland
habitat type. Study areas, or areas considered potentially impacted by the past spray activities,
will include two types of sites: sprayed and non-sprayed sites. Data gathered at the two types of
study area sites will be compared with that gathered at the reference areas. Reference sites are

those considered unimpacted by RFP activities and thus may be used as scientific controls.

‘Aguatic sampling will occur in the one perennial aquatic site, surface water pond #128, located

downgradient of OU 11. This permanent pond collects the majority of the surface runoff from
the study area.

Study Areas

A preliminary review of the abiotic media data has revealed that the level of contaminants
within the study are considered very low. While areas that were not sprayed will be studied, it
will be necessary to focus more on areas within the OU that are most likely to have the highest
concentrations of contaminants; therefore, sampling areas will be selected in locations that
received maximum spray and have surface channel flow. Here the sprayed water may have
ponded, concentrating contaminants near the surface, and subsequently infiltrated the sail,
potentially carrying contaminants into the rooting zone and further into shallow groundwater

Z0nes.

Two study sites will be selected within the OU, allowing a classical rangeland study design in
combination with the current ecological risk assessment approach. Areas within the OU that
were sprayed will be statistically compared to areas that were not sprayed in order to measure
the potential positive or negative impacts of spraying the floral and faunal communities. Data
from these sites may then be compared separately or they may be combined and then compared

to data gathered in the reference areas as described in the OU 11 Work Plan.



Reference Area Selection

Selection of reference areas selection will be based upon the Ecology SOP,#5-21200-OPS-EE
Volume V, Section 6.1.5. In general, reference sites will be chosen based on similarity of
vegetation, habitat types, and physical attributes such as soil type, slope, aspect, and geographic
proximity to the study area. Sites that received spray application were compared with
topographically similar areas the did not receive spray or overspray; sites within OU 11 that
did not receive direct spray application of wastewaters were compared to topographically
similar areas in the same manner. However, the ecosystem is dynamic, and the physical
attributes for reference site selection may not necessarily correspond to ecological differences.
Therefore, the choice of reference sites will also be influenced by the objectives and endpoints
of the study.

Aguati in

Because only one downgradient ditch and surface water pond #128 presently contain water, a
contingency for sampling aquatics is proposed. During the fall season, the lack of surface water
in the study area and vicinity limits the number and location of aquatic sampling sites. Although
the sample statistics will be based on only one location downgradient of OU 11, several aquatic
populations will be sampled and compared to the reference area, Lindsay Pond. This will
provide adequate information for the appropriate statistical analyses. In the event a sufficient
quantity of fish cannot be obtained for tissue analysis, emphasis will be placed on amphibians
and their larvae. In addition, other biota disiributed throughout the water column will be

sampled to assist in the determination of bioaccumulation.

During the fall of 1993, a survey will be conducted to determine water chemistry and species
composition in the permanent aquatic ecosystem contained within pond #128. Species presence
will be determined by quantitative methods so that data can be statistically compared with that
from Lindsay Pond.

Toxicity Testing

A determination regarding the necessity for terrestrial and aquatic sample collection is
dependent upon the results of the Effects Assessment to be performed at the conclusion of the
1993 fall field sampling season. The decision to conduct tissue analyses is dependent upon the
definition of a Target Analyte List (TAL), a narrow selection of the Contaminants of Concern
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(COC) including metals, inorganics, nitrates, pesticides, and PCBs. The TAL analytes can only
be determined after background levels are established. Not all of the potential COCs will be
appropriate for analysis in biological tissue.

If toxicity tests are required, the collection of periphyton and selected aquatic macrophytes,
amphibians and macro-benthos will be conducted for TAL analytes in the spring of 1994. In
addition, sediments and macrophytes will be sampled for total nitrogen (N). All analysis will be
consistent with General Radiochemistry and Routine Analytical Services Protocol (EG&G 1990)
Data Quality Objectives (DQOs).

Terrestrial tissues will be collected and preserved from the fall 1993 field season.
Grasshoppers (Arthropods) will be frozen and two forb species (i.e., Western ragweed,
Ambrosia psilostachya DC; White sage, Artemisia ludoviciana Nutt,) and two Graminoid species
(i.e., Big Bluestem, Andropogon gerardii Vitman; Canada Bluegrass, Poa compressa L.) will be
collected and air dried until a determination of the necessity for toxicity testing is made. Fall
collection of these biotic components is necessary because this is the time when their production

is optimum. Therefore, their uptake of possible contaminants is greatest at that time.

It is expected that few analytes, if any, will be selected for toxicity testing, due to the nature of
the contaminants and the historical use of the land. Toxicity testing will be conducted only if
bioaccumulation is a factor; however, no food web analysis is anticipated at this time. Emphasis
will be placed on total Nitrogen determinations and perhaps the metals listed in the work plan
(i.e., mercury, lead, and arsenic) . Plutonium is not expected to be an issue because the highest
isolated concentration at OU 11 is 0.59 pCi/gram. The standard for recreational areas is 100
pCi/gram and 3.5 pCi/gram for residential use. Mercury, lead, and arsenic are at

concentrations that do not pose health or environmental threats elsewhere.



For han

The OU 11 environmental evaluation will follow a three-phased approach based upon the EPA’s

Framework For Ecological Risk Assessment , and will consist of the following:

A.
B.

C.

At the conclusion

Problem Formulation,
Analysis - Characterization Of Exposure and Characterization of Ecological
Effects, and

Risk Characterization if any adverse effects are observed

of each phase, a formal presentation will be given to the regulators along with

a report for review and concurrence. The site-specific three-phased approach and analyses or

activities associated with each step are presented below.

A Problem Formulation

The Problem Formulation step consists of identifying the following: contaminants of ecological

concern, identifying measurement and assessment endpoints, and identifying known ecological

effects. This first

activities.

phase consists of the following tasks to be carried out with data acquisition

« Nature and Extent of Contamination:

Potential Stressor Characterization (rads, others)
Potential Aquatic Stressor Characterization (rads, chemicals, others)

+ Potential Ecosystem at Risk (terrestrial, aquatic)

Potential Ecological Effects
Ecosystem Components Measured
Effects Assessment

Selection of Assessment and Measurement Endpoints

»  Conceptual Model:

Potential Stressors
Exposure Scenarios (terrestrial and aquatic pathways; terrestrial and

aquatic indicator species



- Assessment Scenarios (i.e., assessment and measurement endpoints; related
stressors)

At the conclusion of the above activities, a Status and Approach of the Analyses Phase will be

initiated. This activity consists of the following:

« Toxicity Assessment of Chemical Concentrations in Abiotic and Biotic Media

+ Direct Toxicity Assessment
B. Analysis of Exposure and Effects

The Analysis Phase consists of two parts: Exposure Characterization and Ecological Effects

Characterization. Both phases involve field investigation activities.
1. P BE CHARACTERIZATION

. Stfessor Characterization

. Ecosystem Characterization

. Exposure Analysis: fate and transport analysis; sources and exposure pathway
of COCs; estimate exposure point concentrations by habitat, species, and
exposure scenarios

. Exposure Profile: quantify the magnitude and spatial and temporal patterns of

exposure

2. I = HARACTE N
The assessment of the effects of contamination on biota will be determined by examining the
literature regarding known effects of selected COCs, performing site-specific toxicity tests

(laboratory and in situ), and reviewing the existing toxicity based criteria and standards.

The three essential steps that comprise the characterization of ecological effects are listed

below.



. Evaluation of Relevant Effects Data
. Conducting the Ecological Response Analyses

. Completing a Stressor-Response Profile
C.  Risk Characterization

In the final step of risk characterization, observed effects in potentially exposed habitats will
be compared to reference areas and contaminant concentrations will be examined in relation to
adverse effects. Observed effects are differences from OU 11 areas to reference areas, including
percent of species, diversity differences, biomass productions, and amount of vegetative cover.
Other analyses will include: bioaccumulation studies; toxicity test results in relation to
observed adverse effects; comparison of estimated exposure point concentrations with criteria
and standards; likely ecological risks associated with present and future land use scenarios;
ecologically relevant ARARSs; ecological considerations in selecting remedial alternatives; and
uncertainty analysis. The two essential steps that comprise the risk characterization are listed
below.

1. RISK ESTIMATI

. Integration of Stressor-Response and Exposure Profiles

. Uncertainty Analysis

2. Rl B

*  Risk Summary and Interpretation: Current and Future
Adverse Effects, Ecological Significance

D. Ecological Risk Assessment for RFI/RI Report



4.3.2 Soil Sampling

Recent numerical analyses of the 1988 data indicate that the site is not statistically different
from background except for concentrations of nitrate and plutonium. Soil samples collected in
1986 and 1988 were analyzed and showed that TAL metals and most inorganic compounds were
near or below background. Nitrate was the only analyzed constituent that was well above
background in certain locations; however, those analyses were performed several years ago and
samples will be analyzed again under the Ecological Monitoring Program in 1993.
Furthermore, nitrate is highly mobile in the environment through vegetation uptake, solubility
in the pore water, and natural degradation into compounds such as ammonium, nitrite, and
nitrogen gas. The nitrate content in soils tested in 1988 ranged from below detection levels to
150 mg/kg and it is very unlikely that concentrations currently remain that elevated. The
proposed bore hole samples will also be analyzed for nitrate to assess the current status of

contamination, which is anticipated to be well below the 1988 concentrations.

The original FSP identified the need for an extensive soil sampling program, requiring the
collection of 75 samples for analysis of nitrate, TAL metals, and inorganic compounds. After
close review and re-evaluation of existing data, the need for this number of samples cannot be
justified. The surface radiation survey recently performed to identify the distribution of
plutonium in surficial soils demonstrated that plutonium-239 and americium-241 occur at OU
11 at levels that are below detection limits (detailed in Table 2-1). The planned Ecological
Evaluation will quantify the nitrate distribution in surficial soils and the impact of potential
contamination on surface water. Subsurface soils will be sampled via core samples from the

proposed bore holes and will be analyzed for nitrate, plutonium, and metals suites.
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4.3.3 Monitoring Wells
4.3.3.1 Well Locations and Justification

rent Monitoring N

The network of groundwater wells screened in the uppermost hydrostratigraphic unit (Rocky Flats
Alluvium) at OU 11 is extensive for the purpose of monitoring the saturated zone. This network includes
two upgradient wells, five wells within the IHSS boundary, six wells on the downgradient IHSS boundary,
and an additional eight wells downgradient or to the sides of the IHSS. In addition, there are several wells
completed in the underlying bedrock. This is an appropriate monitoring design in consideration of the
non-point source dissemination of potential contaminants into the environment. No additional monitoring
wells are proposed in the West Spray Field to monitor potential contamination in the saturated zone.
Presently the primary hydrogeologic concerns are possible contaminated perched groundwater mounds
in the West Spray Field unsaturated zone (Section 2.0 of this TM).

Perch roundwater Condition

Data supporting the existence of perched groundwater include historical water level data, water chemistry
data, and information gathered during recent drilling operations. f WSF groundwater has been
contaminated to significant levels above background because of spray application, perched groundwater
has the potential of having the highest levels of contamination.

The screened intervals of the wells in the current monitoring system are either too deep to monitor
perched conditions, or are screened through the entire thickness of the Rocky Flats Alluvium. Three
wells with extensive screened intervals are 4986, 5186, and B410789. Nitrate/nitrite has been detected
in all three wells at concentrations ranging from approximately 3 to 8 mg/l during the past several years.
Concentrations were reported for nitrate/nitrite; however in this oxidizing environment, probably most of
the nitrogen is present as nitrate. These concentrations do not constitute a concern in terms of risk-based
nitrate groundwater quality standards, however they likely represent a dilution of shallow groundwater
contamination with deeper groundwater from the saturated zone.

Four wells (1081,582, 682, and 782) were drilled in the West Spray Field area to depths of approximately
25 feet for the purpose of monitoring shallow groundwater conditions. Because well construction details
for these wells were not available, all four wells were recently abandoned through WARP (Well
Abandonment and Replacement Program). Recent water level measurements taken at these locations
indicate that shallow groundwater exists at depths of between 20 and 25 feet. The highest nitrate/nitrite
concentration documented from these wells was 143 mg/l from well 582. This measurement was
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recorded in 1986, shortly after spray application ceased. Recent leveis range from .3 to 2.5 mg/l.

Additional evidence of perched groundwater conditions was obtained when replacement wells 46192
and 46292 were drilled to bedrock. These wells were drilled with hammer technology using air as a drilling

fluid. Sample returns indicated that water was encountered at a depth of approximately 25 feet.

Locations of Monitoring Wells

For the purpose of monitoring shallow groundwater conditions in the areas where maximum contamination
is anticipated, six wells will be installed in the West Spray Field (Figure 4-2). The main criteria for the
selection of well locations was that all wells be located within the irrigation sub-basins, or areas which -
received direct spray application. Secondary criteria included proximity to wells where contamination has

been documented, position relative to surface runoff pattern, and position relative to the seismic data.

Seismic data were evaluated as a tool for locating wells; however it was concluded that the West spray
Field seismic line had not been adequately calibrated to the subsurface geology. In addition, seismic
processing was intended to enhance deeper portions of the geologic section rather than the uppermost
30 feet, where perched mounds are anticipated. For the purpose of validating the seismic data for future
use, two bore holes will be located on the seismic line. Listed below are the six well locations and their
justifications:
WSF-1 Located in Spray Area 1 between wells where elevated nitrate contamination and wells where
perched conditions have been encountered. Located on surface runoff drainage resuiting from

spray application.

WSF-2  Located in Spray Area 1 near well 5186, where elevated nitrate/nitrite

concentrations have been encountered. Located on seismic line.

WSF-3 Centrally located in the southern portion of Spray Area 1 on a surface runoff drainage resulting

from spray application.

WSF-4 Centrally located in Spray Area 2 near well 0582 where the highest historical record of
nitrate/nitrite in West Spray Field groundwater was recorded.

WSF-5 Located in Spray Area 2 on the seismic line.

WSF-6 Centrally located in Spray Area 3, where there is a lack of data.
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4.3.3.2 Monitoring Well Installation Program

Six groundwater monitoring wells will be installed as described in Section 4.3.3.1 above, for the purpose
of characterizing subsurface lithologies and perched water conditions. After completion and
development, these wells will be sampled quarterly for a period of one year, at which time results will be
evaluated for further sampling needs. Results from drilling, bore hole sampling, and groundwater

monitoring will be used to assess the need for further characterization of OU 11.

Activities related to the Monitoring Well installation Program will be carried out in accordance with all
applicable EMD OPs. The following EMD OPs are applicable in this program.

FO.01 Monitoring and Dust Control

FO.02 Transmittal of Field QA Records

FO.03 General Equipment Decontamination

FO.04 Heavy Equipment Decontamination

FO.05 Handling of Purge and Development Water

FO.06 Handling of Personal Protective Equipment

FQ.07 Handling of Decontamination Water and Wash Water

FO.08 Handling of Drilling Fluids and Cuttings
FO.09 Handling of Residuai Samples

FO.10 Receiving, Labeling, and Handling Environmental Materials Containers
FO.11 Field Communications

FO.12 Decontamination of Facility Operations

FO.13 Containerization, Preserving, Handling, and Shipping of Soil and Water Samples
FO.14 Field Data Management

FO.15 Photoionization Detectors (PID) and Flame lonization Detectors (FID)
FO.16 Field Radiological Measurements

FO.18 Environmental Sample Radioactivity Content Screening

FO.23 Management of Soil and Sediment nvestigative Derived Materials (IDM)
GW.01 Water Level Measurements in Wells and Piezometers

GW.02 Well Development

GW.05 Field Measurement of Groundwater

GW.06 Groundwater Sampling
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GT.01 Logging Alluvial and Bedrock Material

GT.02 Drilling and Sampling Using Hollow-Stem Auger Techniques
GT.04 Rotary Drilling and Rock Coring

GT.05 Plugging and Abandonment of Bore holes

GT.06 Monitoring Well and Piezometer Installation

GT.10 Bore hole Clearing

GT.17 Land Surveying

GT.24 Approval Process for Construction Activities on or near IHSSs

Justification of Preferred Drilling Technology

Sonic Drilling and split spoon sampling are the preferred drilling and sampling technology to be used; the
advantages of utilizing sonic drilling are summarized below. A Document Change Notice (DCN)
pertaining to sonic drilling will be written for EMD OP GT.04, Rotary Drilling and Rock Coring.

Achieving good sample recovery for lithologic and chemical characterization is the main objective to be
accomplished by using sonic drilling. As mentioned in Section 2.1, most of the wells previously drilled on
OU 11, were drilled with hammer technology. Lithologic logs of these wells lack accuracy and detail.
Hollow-stem auguring, the standard method of drilling bore holes at RFP, can provide undisturbed
samples for analyses, and this technique may be adequate; however there is a risk of obtaining poor
sample recovery in the unconsolidated sands and gravels of the West Spray Field. Because the perched
zones of interest are relatively thin, good sample recovery is critical to characterization efforts.

Sonic drilling technology has a distinct advantage for use a{ RFP over conventional auger and percussion
drilling because it allows continuous sample retrieval through cobbles and boulders. By utilizing a
relatively high-frequency oscillating drill head combined with downward pressure and low rotation, the drill
string is advanced through unconsolidated and consolidated materials. Additional advantages of sonic
drilling are: its rapid rate of penetration; the generation of small drilling waste volume at the drill site and;
the speed and ease of development of monitoring wells {critical in perched zones where little water may
be available for well development).

Sonic drilling has a limited track record in the environmental industry. Approximately two years ago, sonic
drilling was used for a site assessment of the RFP Wind Site. The program was experimental and involved
modifications to standard sonic drilling equipment. Problems relating to sample recovery were

encountered, including plugging of the drill bit and recoveries of greater than 100 percent {probably due
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to expansion of sample and extension of the sample in the core barrel which has a smaller diameter than
that of the drilling bit). Sonic drilling technology has improved since it was employed at RFP, and reports
of is success at other sites, such as Hanford, have been received. However, due to the limited use of
sonic drilling in the environmental industry, the first well at the West Spray Field will be a test case.
Providing drilling objectives are successfully met, the remaining five wells will be drilled in a similar manner.
in the event that sonic drilling is not successful in a test case scenario, hollow stem augering will be used
as a backup afternative.

illing Pr r n r li

Sonic Drilling will be employed, and core samples will be collected in a split spoon sampler. Visual logging.
of the alluvial materials will be performed according to Operating Procedure (OP) GT.01, Logging of
Alluvial and Bedrock Material. All sampling equipment will be protected from the ground surface with clear
plastic sheeting. Sampling procedures are defined in OP GT.02, Drilling and Sampling Using
Hollow-Stem Auger Techniques. In addition, samples for water content measurements will be collected
every two feet. Water content measurements will be determined in the field and also in a geotechnical
laboratory. Water content data for each boring will be coliected in the field using a "Speedy Soil Moisture
Tester", manufactured by Soiltest Incorporated and will be used to design each monitoring well. Samples
released to the geotechnical laboratory will be stored after analysis for the possibility of future use. (Inthe
event that future vadose zone characterization is deemed necessary, these samples might be used to
construct moisture characteristic curves). Drilling and sampling activities will be conducted in accordance
with the Site-Specific Health and Safety Plan.

All drilling equipment, including the rig, water tanks, drill rods, samplers, etc., will be decontaminated
before arrival at the work site. The drill rigj will be decontaminated between each monitoring well
installation, and sampling equipment will be decontaminated between samples. Equipment will be
inspected for evidence of fuel oil or hydraulic system leaks. OP FO.03, General Equipment
Decontamination and OP FO.04, Heavy Equipment Decontamination will be adhered to. If lubricants are
required for down-hole equipment, only pure vegetable oil will be used.

Prior to drilling, approval for construction activities will have been obtained in accordance with OP GT.24,
and drill sites will have been cleared in accordance with GT.10. Well locations will have been numbered
and identified with stakes. During site preparation, an exclusion zone will be established according to the
Site-Specific Health and Safety Plan, and the drill rig will be set up. The total depth of each well will be
determined by the EG&G project manager, Holes will be drilied to penetrate a perched saturated zone (if
encountered) and underlying aquitard and a monitoring well will be installed in accordance with the
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monitoring well section of this TM. If a perched water table is not encountered, the boring will be
advanced to the saturated zone. At that time the EG&G project manager will determine if the bore hoie
should be abandoned in accordance with GT.05 or drilled to the alluvial/bedrock contact. Since OU 11
subsurface lithologic data is incomplete, borings may be advanced to penetrate the entire Rocky Flats
Alluvium for the purpose of supporting the OU 11 data acquisition plan. After a boring has been
advanced to penetrate bedrock, it will be abandoned in accordance with GT.05. Borings will be sampled
in accordance with OP GT.02, Drilling and Sampling Using Hollow-Stem Auger Techniques, and
lithologically logged in accordance with OP GT.01, Logging Alluvial and Bedrock Material. During drilling
operations, the cuttings will be containerized according to OP FO.08, Handling Drilling Fluid and Cuttings.

For all borings, soil samples will be colliected from ground surface to the saturated zone. Two-foot
composite samples for chemical analyses will be collected from ground surface to a depth of 30 feet.
Based on existing data it is anticipated that perched mounds with the potential for significant
contamination may exist at depths less than 30 feet. From a depth of 30 feet to the saturated zone, six-
foot composite samples will be collected. Samples will be analyzed for the contaminants of concern as
defined in Section 4.2. In order to collect these composite samples, the recovered material will be placed
in a safe location, out of direct sunlight, until the appropriate number of core samples have been
collected. The recovered material will be classified, logged, peeled disaggregated, mixed into a
composite, and placed in appropriate containers for laboratory analysis according to OP FO.13,
Containerizing, Preserving, Handling, and Shipping of Soil and Water Samples. Procedures for sample
peeling, handling and compositing will be followed according to OP GT.02, Drilling and Sampling Using
Hollow Stem Auger Techniques.

Subsequent to sample collection the exterior 6f the sample containers will be decontaminated according
to FO.03, General Equipment Decontamination, and placed in coolers lined with a plastic bag designated
for sample transportation. Blue ice or equivalent will be placed in each cooler. Official custody of samples
will be maintained and documented from the time of collection until the time that valid analytical results
have been obtained or the laboratory has been released to dispose of the sample. Chain-of-Custody
procedures will be in accordance with OP FO.13, Containerizing, Preserving, Handling, and Shipping of
Soil and Water Samples.

nitoring Well Installation Pr r

As specified in the IAG, groundwater monitoring wells will be installed according to OP GT.06, Monitoring
Well Installation is outlined below.
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The screen intervals of all wells will be sufficient to monitor perched groundwater conditions. The well
design specifics for each well will be determined after the bore hole has been drilled and the water
content measurements and lithologic data have been analyzed. It is anticipated that the well will be two
inches in diameter upon completion. However, since new drilling technologies are anticipated, then
casing size will be evaluated so that the ratio of filter pack to well diameter is appropriate. The objective is
to maintain an approximate two inch filter pack around the well bore annulus. Well casings will consist of
new, threaded flush-joint schedule 40 poly-vinyl chioride (PVC). The well casing will extend from the top
of the well screen to approximately two feet above ground surface. The tops of all well casings well be
fitted with slip-on or threaded PVC caps. All joints within the casing string will be threaded. O-rings or
Polytetrafluoroethylene (PTFE) tape will be wrapped around the joint threads to improve the seal. All well
casings will be steam cleaned and stored in plastic sleeves prior to use. '

Well screens will consist of new threaded PVC pipe with 0.010-inch factory-machined slots or wrapped
screen. All well screens will have an ID. equal to or greater than that of the well casing. The wall thickness
will be the same as the well casing. A two-foot deep sediment sump will be used beneath the screen. A
threaded or slip-on cap secured with stainless steel screws will be provided at the bottom of the sump.

The filter pack material will be chemically inert, rounded, silica sand of approximately 16-40 gradation. The
filter pack will extend approximately two feet above the top of the screen unless otherwise specified.

Benionite seals will be installed above and below the filter pack. The bottom seal will be designed such
that the perched mound and underlying aquitard are sealed from the lower portion of the
hydrostratigraphic unit. A seal will consist of a layer of bentonite peliets that is at least three feet thick
when measured immediately after placement, without allowance for swelling. The annular space between

the well casing and the bore hole will be grouted from the top of the bentonite seal to ground surface.

Monitoring Well Development and Sampling Procedures

Monitoring wells will be developed for groundwater sampling as specified in OP GW.02, Well
Development. Monitoring well development is the process by which the well drilling fluids and mobile
particulates are removed from within and adjacent to newly installed wells. The objective of well
development activities is to provide groundwater inflow that is as physically and chemically representative
as possible of the hydrostratigraphic unit or aquifer.

Well development will be conducted as soon as practical after installation, but no sooner than 48 hours

after grouting and pad installation is completed. Monitoring wells will be developed utilizing low energy
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methods. An inertial pump or bottom discharge/filling bailer will be used in development activities.

All newly instalied wells will be checked for the presence of immiscible layers prior to well development.
Once determined free of an immiscible layer, a water level measurement will be taken according to OP
GW.01, Water Level Measurements in Wells and Piezometer, and well development activities will
proceed. The water level measurement along with the total depth measurement and the diameter will be
used to determine the volume of water in the well casing.

Formation water and fines will be evacuated by slowly lowering and raising the inertial pump or bailer intake
throughout the water column. Development equipment will be protected from the ground surface with
clear plastic sheeting. Development equipment, including bailers and pumps, will be decontaminated
before well development begins and between well site activities according to OP FO.03, General
Equipment Decontamination.

Estimated recharge rates will be measured following the procedures outlined in OP GW.01, Water Level
Measurements in Well and Piezometers.

Groundwater sample collection will be performed in accordance with OP GW.06, Groundwater Sampling.
The groundwater will be sampled and analyzed for analytes included in the Contaminants of Concern
Section (Section 4.2) of this technical memorandum provided sufficient groundwater is collected.

The following field measurements will be obtained at the time of sample coliection:

pH

specific conductance
temperature
dissolved oxygen
barometric pressure

The groundwater samples will be analyzed for the analytes mentioned in the Contaminants of Concern
Section of this TM (Section 4.2) provided enough groundwater is available. If there is not enough
groundwater to sample for all analytes, the analytical priority stated in the COC section will be followed.
Samples will be handled according to OP FO.13, Containerizing, Preserving, Handling, and Shipping of
Soil and Water Samples, and FO-03, General Equipment Decontamination.
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5.0
QUALITY ASSURANCE/QUALITY CONTROL

This Field Sampling Pian addresses the procedures for conducting the proposed field activities as
well as the proposed analytical suites for the samples collected during the field investigation. A
Quality Assurance Project Plan (QAPjP) is an element of the FSP that identifies QA objectives
for data collection, analytical procedures, calibration, and data reduction, validation and
reporting. The QAPjP, in conjunction with Standard Operating Procedures {(SOPs), has been
prepared by EG&G and submitted to the EPA and the CDH for review and comment. All field and
analytical procedures will be performed in accordance with the methods described in the QAPjP
and SOPs unless otherwise specified in this FSP.

5.1 Internal QC Control Samples

The objective of the QAPjP is to provide a framework to ensure that all sampling and analytical
data achieve specific data quality standards. These standards ensure that PARCC parameters for
the data are known and documented. All samples sent for CLP Level IV analyses will be handled
in accordance with CLP guidelines. QC procedures for non-CLP methods will be developed as

needed using standard methods.

QC samples will be collected in conjunction with the investigative samples to provide
information on data quality. Equipment rinsate blanks, trip blanks, field duplicates, laboratory
blanks, laboratory replicates, and laboratory matrix spike and matrix-spike duplicates are the
commonly collected samples. Trip blanks generally pertain only to volatile organic analyses;
whereas other QC samples may pertain to all of the analytical parameters specified for

investigative samples in the FSP.
Rinsate blanks will be collected by pouring distilled/deionized water through decontaminated
sample-collection equipment and submitted for the same analyses as the investigative samples.

Rinsate blanks monitor the effectiveness of decontamination procedures.

Field duplicates will be collected and analyzed to provide information regarding the natural



variability of the sampled media as well as evaluate analytical precision. Table 5-1 presents
the suggesied fieild QA/QC sample collection frequency.

Table 5-1
Field QA/QC Sample Collection Frequency

Activity Frequency
Field Duplicate’ 1in 10
Field Preservation Blanks 1 sample per shipping container (or a minimum

of 1 per 20 samples)
Equipment Rinsate Blank 1in20 or 1 perday 2

Triplicate Samples (bénthic samples) ° For each sampling site.

—

. For samples to be analyzed for inorganics.

2. One equipment rinsate blank in twenty samples or one per day, whichever is more frequent, for each
specific sample matrix being collected when non-dedicated equipment is being used.

3. For samples collected for tissue analysis.

Analytical procedures and conditions are tested using laboratory blanks and replicates.
Laboratory matrix spikes and matrix-spike duplicates measure analytical accuracy by
providing data on matrix effects/interferences and components interfering with instrument
responses. The frequency of collection and analysis of laboratory QC samples is dictated by the
prescribed analytical method as cited in the General Radiochemistry and Routine Analytical
Services Protocol (GRRASP) (EG&G 1990).

5.2 Accuracy

Accuracy is a quantitative measure of data quality that refers to the degree of difference between
measured or calculated values and the true vaiue. One of the measures of analytical accuracy is
expressed as percent recovery of a spike of a known concentration that has been added to an

environmental sample before analysis (EG&G 1992c). The control limits that have been

5-2



established to achieve accuracy objectives for Level 1V data quality are outlined in Table B-1 of
Appendix B in the QAPjP (EG&G 1992c). Accuracy limits for inorganic analytes are listed in
that table. Samples requiring 24-hour turnaround (i.e., indicator parameter analyses) have
accuracy objectives consistent with Level 1ll data quality. The analyses for indicator
parameters are non-CLP. Non-CLP analyses will be conducted according to SW-846 (3rd Ed.)
and EPA Methods for Chemical Analyses of Water and Wastes. The accuracy criteria for these
samples are specified in the respective methods.

5.3 Precision

Precision is a quantitative measure of data quality that refers to the reproducibility or degree of
agreement among replicate measurements of a single analyte. Analytical precision for a single
analyte may be expressed as a percentage of the difference between results of duplicate samples
and matrix spike duplicates for a given analyte (EG&G 1992c). The control limits that have
been established to achieve precision objectives for Level IV data quality are buﬂined in\TabIe
B-1 of Appendix B in the QAPjP (EG&G 1992c). Precision limits for inorganic analytes are
outlined in that table. The analyses for indicator parameters are non-CLP. Non-CLP analyses
will be conducted according to SW-846 (3rd Ed.) and EPA Methods for Chemical Analyses of
Water and Wastes. The precision criteria for these samples are specified in the respective
methods.

5.4 Sensitivity

Sensitivity defines the lowest concentration (detection limit) a method can accurately and
repeatedly detect for particular chemical or compound. The required detection limits for CLP
analyses are outlined in Table B-1 of Appendix B in the QAPjP (EG&G 1992c). Detection limits
for non-CLP indicator parameter analyses shall be those specified in the respective EPA
methods.

5.5 Representativeness

Representativeness is a qualitative measure of data quality defined by the degree to which the

data accurately and precisely represent a characteristic of a population, parameter variations
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at a sampling point, a process condition, or an environmental condition (EG&G 1992c).
Representativeness is ensured through the careful development and review of the sampling
strategy outlined in the FSP and SOPs for sample collection, analysis and field data collection.

5.6 Data Comparability

Comparability is a qualitative measure defined by the confidence with which one data set can be
compared to another. Differences in field and laboratory procedures greatly affect
comparability. Comparability is ensured by implementation of the FSP, standardized analytical

protocols, SOPs for field investigations, and by reporting data in uniform units.
5.7 Completeness

Completeness is a quantitative measure of data quality expressed as the percentage of valid or
acceptable data obtained from a measurement system (EG&G 1992c). The target completeness
objective for both field and analytical data for this project is 90 percent.

5.8 Sample Management

Good sample management is a critical component of the OU 11 Revised FSP. It ensures that
sample integrity is maintained from sampling through analysis. Sample management, including
labelling, sampling, decontamination, preservation/storage, chain of custody and shipping will
be conducted in accordance with applicable SOPs, unless otherwise modified as necessary. Table
5-2 lists the types of containers, preservation and holding times for samples and/or sample

suites for each media.
5.9 Data Reporting

Field data will be collected and reported as outlined in SOP FO.14, Field Data Management.
Laboratory data from the 24-hour turnaround samples will be reported in a facsimile
transmittal to the on-site manager and EG&G personnel or their designees, in order to facilitate
decision making for the observational sampling approach. An electronic transmittal, in RFEDS
format, will subsequently be sent to EG&G or their designees for input into the OU 11 database.
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The EPA-CLP sample results will be reported as specified in the GRRASP and the EG&G
“Specifications for Providing the Electronic Deliverable Lab Data to the Rocky Flats
Environmental Data Management System (EG&G 1991a).”
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TABLE 5-2

SAMPLE CONTAINERS, SAMPLE PRESERVATION, AND SAMPLE HOLDING TIMES
FOR OU 11 CONTAMINANTS OF CONCERN

MATRIX PARAMETER CONTAINER PRESERVATIVE HOLDING TIME
1X8 oz. wide-mouth 6 months (28 days
SOIL TAL Metals glass jar none for mercury)
8 oz. wide mouth
, glass with Teflon®-

Nitrates lined closure none As Soon As Possible
500 mL wide-mouth

Radionuclides glass jar none none __
1 X 1 L polyethylene ]

WATER [Aluminum bottle nitric acid pH<2 6 months

1 X 1 L polyethylene

Manganese bottle nitric acid pH<2 6 months

1:1 Sulfuric Acid,
pH<2, Cool, 4

Nitrates 2 L/P, glass degrees C 28 days
3 X 4 L plastic
containers (for full

Radionuclides suite) HNO3 6 months
1 X 1 L polyethylene

TAL Metals bottle nitric_acid pH<2 6 months




6.0
SCHEDULE

A schedule for implementation of the OU 11 revised field sampling plan and development of a
risk assessment and RFI/RI Report will be provided upon approval of this Technical
Memorandum by the Colorado Department of Health and the Environmental Protection Agency.

This schedule will be agreed upon by all Interagency Agreement signers.
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APPENDIX A
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CONTAMINATION AT OU 11



Appendix A
Isotope Ratio Method for Determining Uranium Contamination
ou 11

The presence of high concentrations of uranium isotopes in OU 11 subsurface soils can be
attributed to either West Spray Field (WSF) activities or naturally occurring uranium. A
mathematical method has been employed to evaluate the isotope ratios that demonstrates
conclusively that uranium in OU 11 subsurface soils is natural uranium that has not been
contaminated with either enriched or depleted uranium resulting from Rocky Flats Plant (RFP)
releases. This appendix describes the method used to determine this intriguing fact.

* & Rk ¥ * k * xRk ok & W

Uranium occurs naturally and has been extensively mined from the Coal Creek Canyon area,
upgradient of the RFP. The 1974 Masters Thesis entitled "Exploration for Buried Channels by
Shallow Seismic Refraction and Resistivity and Determination of Elastic Properties at Rocky -
Flats, Jefferson County, Colorado" by Ruy Bruno Bacelar de Oliveira, addressed the issue of the
depositional environment and the proximity of the OU 11 area to Coal Creek Canyon. The
objectives of the study included describing the significance of buried channels at the contact
between the alluvium and bedrock. It was concluded that these channels deposits, with the
provenance in Coal Creek Canyon, may have important accumulations of minerals like uranium
and gold. Therefore, it would not be unusual to have naturally high concentrations of natural
uranium at OU 11.

Weapons production at the RFP over the past 40 years has made use of plutonium, highly
enriched uranium, and depleted uranium. [f even small amounts of either enriched or depleted
uranium have been released to the RFP environment through RFP processes, then the natural
isotope ratios will have been altered. The natural isotope ratios for uranium are:

o U238 = 0.99283
« U235 = 0.00711
< U234 = 0.000054

* U236 = 0.000006

The enriched uranium used at the RFP in weapons production typically has the following isotopic
ratios:

*+ U238 = 0.0532

U235 = 0.9324

+ U234 = 0.0101

U236 = 0.0043

at



Generally, uranium isotope activities are reported in picoCuries. In order to determine the
isotope ratio of U234 to U238 in a given sample, the number of atoms of each isotope in the
sample must be computed. The number of atoms is related to the activity by the equation:

The number of atoms of each isotope is given by:
The halflife constants (71/2) for the uranium isotopes are:

e U238 = 4,51 x 109 years
+ U235 =71 x 108 years

o U234 = 247 x 105 years
» U236 = 239 x 107 years

The corresponding decay constants ( ) are:

- U238 = 1,54 x 10-10 years-1
e U235 =976 x 10-10 years-1
» U234 = 2,806 x 10-6 years-1

N, the number of atoms, is calculated by dividing the activity of each uranium isotope in a single
sample, as determined through laboratory analysis, by the decay constant for the corresponding
isotope. A ratio of Ns for different isotopes is calculated and compared to the same ratio as
natural uranium. The naturally occurring ratio of U234 fo U238 is 5.43 x 10-5. The enrichment
process yields a U234 to U238 ratio of 0.19; four orders of magnitude greater than natural
uranium.

Using this procedure and activity data collected in the 1986 and 1988 soil sampling programs
at the WSF, ratios of U233,234 to 1J238 were computed. U233,234 was used because it was provided
from the laboratory analyses. U233 is a very small component of uranium because it is not a
naturally occurring isotope. Its use at Rocky Flats had been very limited and it is not expected
to be present in enriched, depleted, or naturally occurring sources of uranium. The tabulated
data (Table 1) and graph (Figure 1) of these ratios are attached. Each bar in the graph
represents the ratio of U233,234 to U238 for each sample. The center horizontal line illustrates
the natural ratio of 5.34 x 10-5. The upper and lower horizontal lines represent the error
inherent in the analytical procedure due to lack of precision. This error range was obtained
from the scatter in the data attained from samples collected from the buffer zone in 1986.

Calculations of the amount of contamination resulting from the enrichment process were
computed. A one percent enrichment contamination, i.e., one percent of the uranium present is
enriched uranium, would result in a U233,234 to U238 ratio of 1.56 x 10-4. This line is shown on
the graph to indicate how even a very small amount of enriched uranium contamination is
dramatically demonstrated by this presentation method.

A statistical analysis was performed on these data to numerically identify whether the data

collected from OU 11 are different than the background data collected in 1986. The analysis
involved a comparison of median values as opposed to means because medians are not affected by

A-2



outliers. The probability of having outliers is greater in data collected from the WSF than
background because of the number of sample observations (45 and 9, respectively). A notched
box plot was produced to graphically show that the medians are not significantly different
(Figure 2). The notched box plot was used to summarize the center and spread of the two data
sets. Box plots are typically used to compare data that are random in time and space. This is not
the case for the data used; however, because both data sets are not random in time or space, the
use of a box plot is valid for a side-by-side comparison. The notches of the two boxes (URATIO
for the background data and RWSF for WSF data) overlap which means that the medians of the
data sets are the same with a 95 percent level of significance. A 95 percent level of significance
is used loosely because the data are not random. Furthermore, both notches overiap the
theoretical natural ratio of 5.43 x 10-5, which suggests that the median values for the buffer
zone and the WSF are not significantly different than the natural ratio.

Uranium isotope ratios from the solar pond area soil samples were compared for two reasons.
First, it is known that the solar ponds received uranium-contaminated liquids (enriched and
depleted). It is speculated that an unnatural isotope ratio may most fikely be seen in soil
samples from the solar pond area. Second, if unnatural ratios are seen in solar pond samples,
then unnatural ratios may be expected in QU 11 as well because solar pond water was sprayed at
the WSF.

The samples evaluated consist of 45 samples from OU 11 and 67 samples from the solar pond
area. The solar pond samples indicate three samples with enriched uranium contamination
levels greater than one half of one percent. However, none of the OU 11 samples exceed even
this "low-level value" of contamination. Therefore, it can be stated conclusively that the soil at
OU 11 contains natural uranium, not enriched uranium.

The RFP produced depleted uranium in addition to enriched uranium. Depleted uranium is by
definition uranium which has less of the fissionable U235 than the approximate 0.7 percent by
weight found in natural uranium. Depleted uranium is rich in the U238 ijsotope. Because the
solar ponds received liquid waste from both depleted and enriched uranium processes, the
uranium isotope ratios may be reflective of either depleted uranium (very high in U238, very
low in U234) or enriched uranium (very high U235, proportionately higher U234, and lower
U238), A combination of contamination from both enriched and depleted uranium in a given soil
sample would produce an isotopic ratio reflective of the relative amounts of both types of
uranium. Although it is theoretically possibie to have the exact relative amounts of both
depleted and enriched uranium in one sample to produce an overall isotopic ratio that falls
within the range of natural uranium, the likelihood of this occurring is extremely low. If both
depleted uranium and enriched uranium are present, the ratio of U234 to (J238 wouid be
noticeably different than in natural uranium. As can be seen in Figure 1, the presence of an
amount of enriched uranium as small as one percent of total uranium is strikingly noticeable.
Isotopic analyses of uranium is very sensitive to small variations in the type of uranium
present.

The analytical error in the measurement of uranium isotope activities in groundwater is such
that the method described above yield inconclusive results. However, the source of unnatural
materials at OU 11 was derived from the spray application of solar pond water. This sprayed
water was applied only to the ground surface. Therefore any contamination of groundwater from

A-3



spray activities must have come from contaminated water percolating through subsurface soil.
As demonstrated, uranium present in subsurface soil is from a natural source. It can be deduced
that underlying groundwater could not be contaminated with enriched uranium if the subsurface
soil does not contain uranium in enriched form.



TABLE A -1
URANIUM ISOTOPE RATIOS
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Sample
Number
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Location

TABLE 1

URANIUM ISOTOPE RATIOS

Sample
Depth

Sample Sa le Activity
Date 3p y=s

Calculated N

U233.234

U238

U233.234 U238

SP108724DHV
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Page 3

1.71E+05

3.771«:4}09




dINOZ

] VAV ANOd m<__om o ddd4nd 00
| LU - 0
| (LU B ﬁ
S0-HEY'S ‘OLLVY TVANLYN
- 001
AOUUA TVILLATYNY o
%
a
-1 0ST —
uonjeILIRIUOD) UAWYSLUT % T $0~7195'] ﬂ
*
- 00¢
- 0°SC
T UTIET0) TUSWSHU %7 $0— LS T
olvasec-noivezeee-n . 00t
1 3dNODIA



u,.wxm 0I1v4dn
o | 0 0000°
(o]
......................... %
(-
; 0
.................................... owoooo. U
.|...—
v H
O
............ I T e
........ 0 e 0000
O.
080000°
4SM ONV 3NOZ d"H344Ng 3HL NI
SOI1vd WNINYYN 40 S101d X08 03dHJ10ON
¢ ANOIA




APPENDIX B

MATHEMATICAL ANALYTICAL MODEL



APPENDIX B
MATHEMATICAL ANALYTICAL MODEL
West Spray Field, Rocky Flats Plant

Project Objective

The objective of this groundwater project is to evaluate the influence of spray application on the
water table underlying the West Spray Field of Rocky Flats Plant (RFP). This paper presents
an analytical two dimensional model which has been applied to the West Spray Field parameters.

Background

For a period of approximately 4 1/2 years, from April, 1982 to October, 1985, spray
irrigation was employed to evaporate RFP waste water. The West Spray Field, which was
identified as a RCRA hazardous waste management unit in 1986, includes an area of
approximately 105 acres. Initially, application was performed using two moving irrigation
lines mounted on metal wheels; later these portable lines were replaced by fixed lines.

Three areas received irrigation. The location and size of the three areas as well as the
approximate location of the fixed lines are shown in Figure 1-1 in Section 1 of this Technical
Memorandum. According to recent estimates, approximately 66,000,000 gallons of waste
water were applied at variable rates of 0 to 450 gallons per minute. The width of each spray
line was 80 feet.

Geologic/Hydrogeologic Setting

The West Spray Field is situated on top of the Rocky Flats Alluvium unconfined aquifer. This
heterogeneous alluvial fan deposit is composed of gravel, sand, and clay layers and lenses. The
overall thickness of the formation in the West Spray Field area is approximately 70 feet, and
the average depth to water is approximately 50 feet. However, historical and recent drilling
data in the West Spray Field area have revealed that one or more perched water layers are
present. This study will model the configuration of one such perched mound.



The Rocky Flats Alluvium has been pump tested in other areas of Rocky Flats. Hydraulic
conductivities from those tests were assumed to be representative and were used in the
analytical model.

Analytical Model

The analytical model was derived from a paper entitled "Hydrodynamics of Perched Mounds",
(Brock 1876) in which models for transient and steady state mound development are presented.
Equations for three basin shapes: strip, circular, and square, are given; equations
representing the strip basin steady state solution were applied to the West Spray Field Area 1.
The physical model consists of a shallow subsurface groundwater mound developing on top of a
clay layer within the Rocky Flats Alluvium aquifer.

Hydrologic Assumptions

The following assumptions are inherent to the analytical solutions:

1. Only saturated flow occurs within the perched mound.

2. The material above the semipervious layer is homogeneous and isotropic.

3. The pressure distribution is hydrostatic within the perched mound.

4. The pressure is atmospheric just below the semipervious layer.

5. E{ec_harge to the aquifer was applied uniformly and at a constant rate over the recharge
asin.

Analytical Solution Equations

Although there is no exact analytical solution for the steady state model presented by Brock,
there is a close approximation consisting of five equations. Solving the equations yields values
of the maximum height and lateral extent of the mound for a set of input parameters. The five

equations and definition of symbols are presented below.

B-2



eq 1) a = (po' - KL") - (KL'/b")Hq’

a is caiculated in terms of Hg' and substituted into equation 2.
eq 2.) (Ho'2 - a)3/2 + 3/2 b’ (Ho'2 - a) = 3/2 (b/KL_') a2
The value of Hyp' is found and substituted into equation 3.

eq 3.) H'2 = Hp?2-ax?

Equation 3 is solved for H' = Hy'; x'=x/L =1

eq4.) H = 1/6 (KL'/b") (¢ - x")2 - (3/2) b

The value of Hy' determined in equation 3 and the value of x' = 1 are used in equation 4 to

determine a value for c.

eq 5.) X'max = € - 3 (b/K')1/2
Equatioh 5 yields x'max. With Ho' and ¢ known, H' versus x' can be found.

Definition of Terms

b = thicknecs of semipervious layer; b' - b/L
H = thickness of mound; H' = H/L

Ho = H at center of basin; Hg' = Hp/L at X'= 0

Hy = H at edge of basin; Hy'=H¢/Latx' =1

K = permeability above layer

KL = permeability of layer; K_'= K /K

L = half width of strip basin

pe = recharge rate for x < L (volume/time/area)

X = distance from center of strip; x' = x/L
X'max= X' at which H' = o or dimensionless length of mound.

Parameters Used

K = .445 ft./day

KL = .004 ft./day

b = 2.5 feet

L = 400 feet

po = .015 ft3/day/ft2

po was estimated using the following information:



Total volume of water applied = 66,000,000 gal.
Total days applied = 547.5 (it was assumed that during the 4 1/2 years irrigation was
practiced, water was applied 1/3 of the time.)

Using the information above, the average Pg was calculated to be .0102 ft./day. However

the equations were yielding invalid results when this low rate was used. By ftrial and
error, it was determined that Pg = .015 ft./day was the lowest rate that could be entered

to the equations if the other parameters were held constant. Pg = .015 ft./day was

considered to be a reasonable average infiltration rate and was used.

Calculated Results

Ho =6.80 feet Ho' = .01699
Hi =0.97 feet Hy' = .002430
Xmax - 409-6 feet x'max = 1.024

a = .0002828
c = 1.2219

Values for the construction of a two dimensional mound profile were calculated; the mound
cross sectional profile is attached (Figure A-1). The line of section for the mound is also shown
on the map of the West Spray Field in Figure 3-2 in Section 3 of this Technical Memorandum.

Discussion of Resulls

The above results were calculated using assumed values for K, K, b, and Po. According to this

analysis, the maximum height of subsurface groundwater mound development at steady state is

6.8 feet. Two numerical analyses, one for steady state flow and one for transient flow, yielded
similar results in terms of mound thickness. However in the numerical analyses, the effect of
varying K and b values were also investigated. In addition, the transient numerical model
included the entire West Spray Field rather than only Area 1. The significance of these studies
in light of the field sampling plan is that subsurface groundwater mounds under the West Spray
Field are relatively thin. Good core recovery is critical to the characterization program.
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TABLE B-1 CALCULATED EAST-WEST PROFILE OF MOUND ACROSS AREA 1

Data Calculated for Mound Profile

X X H H
(Ho) 0 .01699 6.80
50 .125 .01686 6.74"
100° .25 .01646 6.58"
150" .375 .01578 6.31"
200' .5 .01476 5.90°
250° .625 .01334 5.34"
300’ .75 .01138 4.55'
350" .875 .00849 3.40'
400' (H4) 1.0 .002421 0.97
409.6' Xmax o
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APPENDIX D
PRG DETERMINATION METHOD



PRELIMINARY REMEDIATION GOALS

By definition, chemical-specific PRGs are concentration goals for individual chemicals for specific
medium and land use combinations at CERCLA sites. PRGs are intended to provide remedial design
staff with long-term cleanup targets to use during analysis and selection of remedial alternatives (EPA
1991). EPA (1991) describes two general sources for chemical-specific PRGs: (1) concentrations
based on ARARs, and (2) concentrations based on risk assessment.

The PRGs presented in this section are risk-based and were developed using federal EPA guidance
(EPA 1991). The PRGs were based on readily available, existing information using EPA toxicity criteria
and standard default exposure assumptions.

RISK-BASED PRELIMINARY REMEDIATION GOALS

in developing risk-based PRGs, the potential media and chemicals of concern at OU 11 were
evaluated, and the site's land-use conditions were considered. Based on this review, PRGs for the
protection of human health were developed for chemicals in groundwater and soils. All chemicals
detected in these media were conservatively included when calculating PRGs. Furthermore, risk-
based PRGs were calculated assuming residential scenarios, and incorporated conservative EPA
default exposure parameters. It should be noted that all potential human exposure pathways were not
considered in the development of PRGs (e.g., dermal exposures) and that exposure parameters based
on site-specific information may be different from EPA default exposure. However, for this screening
level analysis, EPA default parameters have been used except where expressly noted.

The calculation of risk-based PRGs relies on chemical-specific toxicity criteria, specifically EPA-derived
cancer slope factors and reference doses. The non-radionuclide criteria were taken from EPA
(1983a,b) and the radionuclide criteria were taken from EPA (1993b). The toxicity values for the
chemicals detected at OU 11 are presented on each PRG table. It should be noted that if both a
carcinogenic and noncarcinogenic risk-based PRG are calculated for a particular chemical, then the
lower of the two values is considered the appropriate risk-based PRG for use during subsequent
analysis and comparison (EPA 1991). When both can be developed, those based on carcinogenic
effects are consistently lower than those based on noncarcinogenic effects.

The next sections present the equations that were used to calculate risk-based PRGs for groundwater
and soil exposures. Equations for calculating risk-based PRGs are presented separately for chemicals
exhibiting carcinogenic and noncarcinogenic effects.

Groundwater PRG Equations

PRGs for groundwater were calculated assuming residential exposures via ingestion. The equations
and parameters used for groundwater PRGs were based on EPA (1991) guidance.

The equation used to calculate PRGs for chemicals exhibiting carcinogenic effects is as follows:

c. - TR » BW = AT, + 365 daysfyear
®  SF, » 10 mglug = EF + ED + IR,,,,



The equation used to calculated PRGs for radionuclides exhibiting carcinogenic effects is as follows:

c,, - LLil
™ EF « ED o SF, * IR, 4,

where:

c

]

chemical concentration in water (ug/L for non-radionuclies or pCi/L for

o™ radionuclides),
TR = target excess individual lifetime cancer risk (109),
Bw = body weight (70 kg),
AT, = averaging time for carcinogenic effects (70 years),
EF = exposure frequency (350 days/year),
ED = exposure duration (30 years),
SF, = oral cancer slope factor [(mg/kg-day)™ for non-radionuclides or (pCi)™! for
radionuclides}, and
Ryater = daily water ingestion rate (2 L/day).

The equation used to calculate PRGs for chemicals exhibiting noncarcinogenic effects is:

_ THI » BW + AT, = 365 days/year
®  1IRfD, « 10~ mglug * EF » ED * IR,

where:
Cc = chemical concentration in water (ug/L),
Tlg‘lV = target hazard index (1),
BW = body weight (70 kg),
AT.. = averaging time for noncarcinogenic effects (30 years),
EF = - exposure frequency (350 days/year),
ED = exposure duration (30 years),
RID, = oral chronic reference dose (mg/kg-day), and
IR,aer = daily water ingestion rate (2 L/day).

Soil PRG Equations

PRGs for chemicals in soil were calculated assuming a residential scenario. PRGs were derived
considering inhalation of particulates and ingestion routes combined.

The equation used to develop residential scenario PRGs for chemicals exhibiting carcinogenic effects
is as foliows:

TR * AT, « 365 daysfyear 1 BW
= I+l + ]

Cs
EF SF, x 10 kgimg * IRuyyeq  SF1 * ED * IR, = (1IPEF)




The equation used to develop residential scenaric PRGs for radionuclides exhibiting carcinogenic
effects is as follows:

TR
Cs.—.
[(SF, + 102 gmg + EF » IRuup *+ (SF; » 108 gkg + ED + EF « IR, + ( \/PER) + (SF, » 10° gkg + ED + D » SD + (1-8) * T))]

where:

C, =  chemical concentration in soil (mg/kg for non-radionuclides or pCi/g for
radionuclides),

TR = target excess individual lifetime cancer risk (105),

BW = body weight (70 kg),

AT, = averaging time for carcinogenic effects (70 years),

EF =  exposure frequency (350 days/year),

ED =  exposure duration (30 years),

SF, =  oral cancer slope factor [(mg/kg-day)'1 for non-radionuclides or (pCl)'1 for
radionuclides],

IRsoivadj =  soil ingestion rate (114 mg-yr/kg-day for non-radionuclides or 3,600 mg-yr/day
for radionuclides),

SF; = inhalation cancer slope factor [(mg/kg-day)™' for non-radionuclides or (pCi)™!
tor radionuclides],

IRy, = inhalation rate (20 m%/day),

PEF =  particulate emission factor (2.50x10° m/kg),

and for radionuclides (external exposure radiation):

SF, = external exposure slope factor (risk/yr per pCi/mZ),
D = depth of radionuciides in soil (0.1 m),

SD =  soil density (1.43x10% kg/m®),

S, =  gamma shielding factor (0.2 unitless), and

T, =  gamma exposure factor (1 unitless).

The PEF is site-specific and is derived from data on total suspended particulate levels reported in the
1991 RFP Site Environmental Report.

The equation used to calculate PRGs for chemicals exhibiting noncarcinogenic effects is:

(THI « AT, + 365 days/year . 1 BW
={ - hd l

c
’ EF : "(1/R1D,) » 107 kgImg + IR,yeq : (1/RID) » ED « IR, +« (\IPEF)




where:

CS
THI
BW
AT .
ED
EF
RID,
IR

soil
i

IRair

PEF

W nnww

chemical concentration in soil (mg/kg),

target hazard index (1),

adult body weight (70 kg),

averaging time for noncarcinogenic effects (30 years),
exposure duration (30 years),

exposure frequency (350 days/year),

oral chronic reference dose (mg/kg-day),

soil ingestion rate (114 mg-yr/kg-day),
inhalation chronic reference dose (mg/kg-day),
inhalation rate (20 m®/day),

particulate emission factor (2.50x107 m°/kg).

The equations and parameters shown above are based on EPA (1991) guidance. The age-adjusted
ingestion factor for non-radionuclides (114 mg-yr/kg-day) was developed by EPA (1991) assuming six
years of exposure as a 15-kg child ingesting 200 mg soil/day, plus 24 years of exposure as a 70-kg
adult ingesting 100 mg soil/day. The age-adjusted soil ingestion factor for radionuclides (3,600 mg-
yr/day) was also developed by EPA (1991) based on six years of exposure of a child ingesting 200
mg soil/day, plus 24 years of exposure as an adult ingesting 100 mg soil/day.
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RISK-BASED PRELIMINARY REMEDIATION GOALS (PRGs)
FOR CHEMICALS DETECTED IN SOIL
[Residential Scenario with particulate inhalation)
Chemicals External oral Inhalation Risk-Based PRG_
Exhibiting Exposure Slope Factor Slope Factor Based on Target Risk
Carcinogenic Slope Factor [(mg/kg-day)-1 [(mg/kg-day)-1 of 1x10-6 (mg/kg
Effects (risk/yr/pCi/m2) or (pCi)-1] or (pCid-1 or pCi/g)
Radionuclides:
Pu-239+240. 2.7E-11 2.3E-10 3.8e-08 1.1E-02
Am-241 4,9€-09 2.4E-10 3.2E-08 5.9E-05
U-233+234 4,2e-11 1.6E-11 2.7E-08 6.9E-03
U-235 2.4E-07 1.6E-11 2.5€E-08 1.2E-06
U-238 2.1E-11 1.6E-11 2.4E-08 1.4E-02
H-3 --- 5.4E-14 7.86-14 1.5E+04
Metals:
Arsenic 1.8E+00 5.0E+01 4 .6E+00
Bery{lium 4.3E+00 8.4E+00 2.5E+01
Cadmium --- 6.1E+00 3.5E+01
Chromium V1 .- 4,1E+01 5.2E+00
Nickel --- 1.7€+00 1.36+02
Chemicals .
Exhibiting oral Inhalation Risk-Based PRG
Noncarcinogenic Reference Dose Reference Dose Based on a Target
Effects (mg/kg-day) (mg/kg-day) Hazard Quotient of 1 (mg/kg)
Hetfls:
Aluminum .- .- -
Antimony LE-04 .- 1.1E+02
Arsenic 3E-04 --- 8.2E+01
Barium 7E-02 1.0E-04 %.2?8;
Beryliium SE-03 .- JLE#
Cad%iun 1E-03 (a) .- 2.7E+02
Calcium --- --- .-
Cesium .- .- ---
Chromium 111 1E+00 .- 2.7E+05
Chromium VI SE-03 S.0E-07 1.4E+03
Copper 7E02 o 1.0E404
Copper 3.7e-02 (b) --- .
Cygg?de 2.2E-02 --- 6.0E+03
Iron —-- ... ---
Lead --- --- am-
Lithium --- --- .-
Magnesium --- --- ~--
Manganese 1.4E-01 (a) 1.0E-04 4 . BE+04
Mercury 3E-04 9.0E-05 8.3e+03
Mol ybdenum SE-03 --- 1.4E+03
Nickel 2E-02 --- 5.5e+03
Nitrate 1.6E+00 --- 4 LE+0S5
Potassium --- --- ---
Selenium SE-03 --- 1.4E+03
Silver 5e-03 --- 1.4E+03
Sodium .-- .- .-
Strontium 6E-01 -.- 1.6E+05
Thallium 8E-05 (c) --- 2.26+01
Tin 6E-01 --- 1.6E+05
Vanadium 7E-03 --- 1.9€+03
Zinc 3E-01 .- 8.2E+04

--- = Toxicity criteria not available.

(a) Based on and is used to assess non-aqueous exposures.

(b) EPA has reported a drinking water standard for copper of 1.3 mg/L.

This value was

converted to a dose assuming a 70-kg individual ingests 2 L/day of water. i
() The thallium sulfate RfD was conservatively used to calculate the PRG for thallium.
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Parameters: Range Name: Value: Source:

Target Risks:
Target Risk, 10-6 TR6 1E-06 -=-

Target Hazard Quotient:
1 is the Target THQ 1 cee

Exposure Parameters:
Averaging Time (years)
Carcinogens LIFE 70  Standard Default
Noncarcinogens Same as ED 30 Standard Default
Exposure Frequency (days/year) EF 350 sStandard Defsult
Exposure Duration (years) ED 30 Standard Default
Conversion Factor (days/year) Days 365 Standard Default
Adult body weight (kg) 8w 70 standard Default
Soil Ilngestion Rate (mg-yr/kg-day) IRSoi l 114  Standard Default
Soil Ingestion Rate (mg-yr/day) IRSoi l 3600 Standard Default
Inhalation Rate (m3/day) IRair 20 Standard Default

Particulate Emission Factor (PEF) PEF 2.50E+07 meters3/kg

Parameters for radionuclides:

Depth of radionuclides in soil D . 0.1 meters

Soil Density SD 1.43E+03 kg/m3

Gamma Shielding Factor SE 0.2 unitless

Gamma Exposure Factor 1€ 1 unitless

(non-radionucl ides)
(radionucl ides)
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RISK-BASED PRELIMINARY REMEDIATION GOALS (PRGs) FOR CHEMICALS DETECTED IN GROUNDWATER

Chemicals Oral Inhalation Risk-Based PRG
Exhibiting Slope Factor Slope Factor Based on Target Risk
Carcinogenic [(mg/kg-day)-1 [(mg/kg-day)-1 of 1x10-6 (ug/L
Effects or (pCi)-11 or (pCi)-1] or pCi/L)
Radionuclides: :
Pu-239+240 2.3E-10 NA 2.1E-01
Am-241 2.4E-10 NA 2.0E-01
U-233+234 1.6E-11 NA 3.0E+00
U-235 1.6E-11 NA 3.0e+00
U-238 1.6€-11 NA 3.0E+00
H-3 S5.4E-14 NA 8.8E+02
Metals:
Argenic . 7SE+00 NA 4 ,9E-02
Beryttium 4 .3E+00 NA 2.0E-02
Chemicals
Exhibiting Oral inhalation Risk-Based PRG
Noncarcinogenic Reference Dose Reference Dose Based on a Target
Effects (mg/kg-day) (mg/kg~day) Hazard Quotient of 1 (ug/L)
Metals:
Aluminum EEES NA ===
Antimony 4LE-04 NA 1.5E+01
Arsenic 3e-04 NA 1.1E+01
Barium 7E-02 NA 2.6E+03
Beryllium S5E-03 NA 1.8E+02
Cadmium S5E-04 (a) NA 1.8E+01
Calcium .- NA .-
Cesium ... NA ---
Chromium 111 1E+00 NA 3.7e+04
Chromium 1V SE-03 NA 1.8E+02
Cobalt ) -a- NA .-
Copper 3.7E-02 (b) NA 1.4E+03
Cyanide 2.2E-02 NA 8.0E+02
Iron --- NA .-
Lead --- NA -
Lithium --- NA -
Magnesium --- NA .-
Manganese SE-03 (a) NA 1.8€+02
Mercury 3E-04 NA 1.1E+01
Molybdenum 5e-03 NA 1.8E+02
Nickel 2E-02 NA 7.3E+02
Nitrate 1.6E+00 NA 5.8E+04
Potassium --- NA ---
Selenium SE-03 NA 1.86+02
Silver SE-03 NA 1.8E+402
Sodium --- NA ---
Strontium 6E-01 NA 2.2E+04
Thallium 8E-05 (c) NA 2.9E+00
Tin 6E-01 NA 2.2E+04
Vanadium 7e-03 NA 2.6E+02
Zinc 3E-01 NA 1.1E+04

NA = Inhalation toxicity criteria are not applicable.
as these chemicals are not volatile.
--- = Toxicity criteria not available.

(a) Based on and is used to assess aqueous exposures.

(b) EPA has reported a drinking water standard for copper of 1.3 mg/L. This value was
converted to & dose assuming a 70-kg individual ingests 2 L/day of water.

(c) The thallium sulfate RfD was conservatively used to calculate the PRG for thallium.

Inhalation of metals will not occur



03-Nov-93 RFP-RES2.WK1

Parameters: Range Name: Value:

Source:

Target Risks:

Target Risk, 10-6 TR6 1E-06 ---
Target Hazard Quotient:
1 is the Target THQ 1 .-
Exposure Parameters:
Body Weight (kg) BW 70  Standard Default
Averaging Time (years)
Carcinogens LIFE 70 Standard Default
Noncarcinogens Same as ED 30 Standard Default
Exposure Frequency (days/yesr) EF 350 Standard Default
Exposure Duration (years) ED 30 Standard Default
Daily Ingestion Rate (L/day) IRV 2 Standard Default
Conversion Factor (days/year) Days 365
D-9
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